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TERTIARY GEOLOGY AND OIL AND GAS PROSPECTS 
IN DAKOTA BASIN OF NORTH DAKOTA! 


RAY V. HENNEN? 
Bismarck, North Dakota 


ABSTRACT 

In the Dakota basin of North Dakota widespread Tertiary lignites and other beds are useful as 
datum points for structural contour mapping. An extensive stratum near the top of the Fort Union 
— containing silicified plant stems, tree stumps, and volcanic ash is an excellent ‘“marker-bed” for 
correlation. 

There are present over wide areas in the basin Wasatch beds that were previously classed as part 
of the Fort Union series. 

The structural configuration of the basin is considerably modified from that formerly postulated, 
in that the axis of another prominent syncline is shown, with a northwest-southeast trend roughly 
along the valley of the Missouri River from Sanish to and beyond Bismarck. 

Several prominent anticlines, with northwest-southeast trends, are revealed in the surface Ter- 
tiary beds. Some have closures of more than 100 feet, where the regional northeast dip is only 7 feet 
to the mile. These are believed to offer favorable structural traps for oil and gas, where occurring in 
conjunction with possible traps of the stratigraphic type, due to the eastward and southeastward 
thinning-out of formations. 

There is in the basin a thickness of approximately 12,000 feet of sedimentary strata, ranging in 
age from Tertiary to Ordovician, those of Ordovician age containing a thick section of porous zones 
with traces of oil, as revealed in the Semling well in southeastern Oliver County. This well is not a 
complete test of the oil and gas possibilities of the basin, especially as it is synclinal in its location on 
a minor surface structural feature. 

An area almost as large as West Virginia has had no test wells and it is believed that the prospec- 
tive areas outlined at comparatively low structural levels warrant drilling. 

Drilling with rotary tools should not be unfavorably expensive as compared with some other 
deep regions. 


INTRODUCTION 

During the field seasons of 1940, 1941, and 1942, the writer did a large amount 
of field work, reconnaissance in character, in southwestern North Dakota, search- 
ing for evidence of favorable structural conditions as revealed in the surface 
Tertiary beds, in connection with an oil and gas leasing campaign in the Dakota 
basin. Though the work in the field was somewhat hastily done, the most of a 
large area, approximately 10,000 square miles in extent, was investigated, and 
structural contour maps, semi-detailed in character, were made, giving a fair 
idea of the structural attitude of the Tertiary surface strata. For control of the 
geological section for contour purposes many sections were measured at good 
exposures. 


1 Manuscript received, June 19, 1943. 
2 Consulting geologist. Associated with Thomas W. Leach and A. M. Fruh. 
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Publications of the United States Geological Survey and the North Dakota 
Geological Survey in this southwestern part of the state recognize the presence 
of only the Fort Union and White River formations in the Tertiary. The investi- 
gations of the writer reveal the presence of the Wasatch (Tertiary) formation 
approximately 350 feet in thickness, lying conformably on top of the Fort Union, 
that was previously classified as Fort Union in age. 

Since geologists for several of the major oil companies have been active in 
this area, it occurred to the writer that it would be of great interest to the geologi- 
cal profession to assemble several of his measured columnar sections of the Ter- 
tiary into one cross section. Figure 1 reveals that it is possible to correlate the 
lignite beds of the Tertiary over long distances and that these beds and associated 
sandstones may be used to evaluate the structural attitude of the surface strata 
by contour maps. Previously considerable skepticism prevailed about the per- 
sistence and structural reliability of these lignite beds. 


STRATIGRAPHY OF TERTIARY 

O. A. Seager e¢ al.* recently published an article entitled “Stratigraphy of 
North Dakota” in answer to one of the same title by Virginia Kline.* His article 
is based on a vast amount of field work during a 4-year period by himself and his 
associates in western North Dakota and eastern Montana, which, together with 
the latest lithologic and paleontologic evidence they collected, warrants their 
classification of the strata. This classification as it applies and is used in the pres- 
ent article follows. 


Cenozoic 
Tertiary system 
Oligocene (and Miocene) series 
White River group 
Eocene series 
Wasatch formation 
Unnamed member 
Sentinel Butte member 
Paleocene series 
Fort Union formation 
Tongue River member 
Cannonball member—Ludlow member 
Mesozoic 
Cretaceous system 
Upper Cretaceous series 
Hell Creek formation 
Fox Hills formation 
Pierre formation 
30. A. Seager et al., “Stratigraphy of North Dakota,” Bull. Amer. Assoc. Petrol. Geol., Vol. 26, 
No. 8 (August, 1942), pp. 1414-23. 
4 Virginia Kline, “Stratigraphy of North Dakota,” ibid., Vol. 26, No.3 (March, 1942), pp. 336-79. 
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It may be noted that the Sentinel Butte member is classified as Wasatch in 
age. It embraces the somber shales, lignites, and sandstones immediately above 
a lignite bed, 20 feet in thickness (Lignite 22, point 1, Fig. 1), that is being mined 
on the north face of Sentinel Butte. 

C. J. Hares® limited the Sentinel Butte member to the somber shales and 
sandstones immediately above this thick lignite bed, and questionably classified 
the Sentinel Butte member as Fort Union in age. 

W. T. Thon, Jr., and C. E. Dobbin,® of the United States Geological Survey, 
believed the Sentinel Butte shale member should be referred to the Wasatch 
formation. This is further confirmation of the deductions of Seager and his as- 
sociates. 

The columnar section given by Hares’ was intended to apply to the Marmarth 
area on the Little Missouri River, 45-50 miles southwestward from Medora. 
There is evidently a marked northward thickening of the Fort Union formation, 
as limited in the present article, from the Marmarth locality to Medora and Senti- 
nel Butte, from approximately 850 feet as given by Hares to approximately 1,375 
feet at Medora and Sentinel Butte (Fig. 1, points 2 and 1, respectively). 

_ The columnar section of Hares shows the Sentinel Butte member to be repre- 
sented by shale only. The writer recently measured a section with hand-level at 
the type locality of the Sentinel Butte member (Fig. 1, point 1). The presence of 
at least six lignite beds is revealed and probably a seventh in a concealed interval, 
in addition to several thick sandstones. 

It is believed that a marked northward thinning occurs from the Marmarth 
locality of the Hell Creek formation, since, for reasons later discussed, this forma- 
tion is given a thickness of only 314 feet in Figure 1, compared with 575 feet for 
the Marmarth locality as given by Hares. This thinning of the Hell Creek evi- 
dently continued northward since it is only 180 feet in thickness, 90 miles north- 
east of Medora at the test wells on the Nesson anticline (Fig. 2, Nos. 3 and 4), in 
Williams County. 


21 (FIG. 1, SS21) 


A persistent “marker-bed”’ for correlation has been recognized in the Fort 
Union formation by the writer. It is grayish white, flaggy to shaly sandstone, ap- 
parently containing a mixture of volcanic ash, with silicified fossil plant stems in 
abundance, and here and there silicified stumps of trees 3-5 feet in diameter. At 
points 9-11, inclusive (Fig. 1), it is ordinarily less than 5 feet in thickness, but 
westward at Sully Springs (Fig. 1, point 3), it is more than 4o feet thick but still 
is grayish white to ash-gray, with the silicified tree zone at the top. It is believed 
that a great outpouring of volcanic ash took place at the time of its deposition. 
Such volcanic activity was prevalent in Tertiary time inthe Rocky Mountainregion. 


5C. J. Hares, “Geology and Lignite Resources of the Marmarth Field, Southwestern North 
Dakota,” U. S. Geol. Survey Bull. 775 (1938), p. 47. 


6 W. T. Thom, Jr., and C. E. Dobbin, “Stratigraphy of the Cretaceous-Eocene Transition Beds 
in Eastern Montana and the Dakotas,” Bull. Geol. Soc. America, Vol. 35 (1924), pp. 481-506. 


7C. J. Hares, op. cit., p. 47. 
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It is in this zone that the ‘‘Petrified Forest” occurs on the valley floor of 
Andrews Creek, 1.5 miles southwest of Sully Springs railway station. This zone 
may be observed also, in typical development, at the entrance gate to Roosevelt 
Park on Highway 10, 5 miles east of Medora. 

It is persistent and widespread in the Dakota basin, as evidenced by ex- 
posures extending from the vicinity of Sentinel Butte, Golden Valley County, 
eastward to the vicinity of Almont, Morton County; from a point on the east 
bank of North Fork of Cannonball River, 10 miles northeast of Amidon, in 
eastern Slope County, northward to the steeply pitching flanks of the Nesson 
anticline in southern Williams County; and thence southeastward along the val- 
ley of the Missouri River to the vicinity of Coleharbor. 

The top of this zone is shown in Figure 1 by the hachured line ranging from 
25-30 feet below the top of the Fort Union at point 11 to approximately go feet 
below the same datum at point 1. Because of its position directly above Lignite 
21A it has been designated ‘Sandstone 21” (Fig. 1, SS21). It is invaluable in 
correlating the overlying and underlying lignites of the Tertiary. 

Other silicified tree-bearing zones, somewhat similar to $S21, higher in the 
Tertiary in the Wasatch series, have been observed at the outcrop. Clyde E. 
Hudgens? states: “In the south half of Township 146 North, Range 99 West 
(southwest of Grassy Butte), I have several points on a silicified plant fossil bed, 
that is identical in appearance, which seems about 450 feet above my datum ‘FE’ 
bed, this interval determined by correlation.” This zone, 450 feet above Lignite 
21, and approximately 280 feet above the base of the Wasatch, evidently belongs 
in, and near the top of, the Sentinel Butte formation. 

Hudgens, in a reconnaissance survey, mapped a large area northward from 
Medora in Billings County and in the southern half of McKenzie County, with 
his contours based on a lignite bed “E”’ that is correlative with Lignite 21 of 
Figure 1. Within the area mentioned he found datum points on both Sandstone 
21 and Lignite 21. He reports an interval ranging from 70 to 100 feet separating 
them and states that they can be readily followed from Sully Springs railway 
station northwestward and northward to the northern limits of the area he 
mapped. 

The writer has not done any field work in northern Billings County or the 
southern half of McKenzie. The datum points in that area, furnished by Hudgens, 
were of invaluable assistance in control of the contours in Figure 2. 

Marker-bed SSz1 is typically developed on both flanks of the Nesson anti- 
cline in southern Williams County, with the same abundance of silicified plant 
stems and here and there a silicified tree stump. Here its top belongs 60 feet 
(hand-level) above the base of the “Williston” or No. 6 lignite of Collier® (Lignite 
21 of present article) and 60 feet below the top of Lignite 22, or the base of the 
Wasatch series. 


8 Clyde E. Hudgens, geologist, Gulf Oil Corporation. Letter, dated November 24, 1942. 
9 A. J. Collier, “The Nesson Anticline, Williams County, North Dakota,” U.S. Geol. Survey Bull. 
691 (1919), pp. 211-17. 
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At the site of the Big Viking Oil Company’s test well (Fig. 2, No. 4) on this 
anticline, Sandstone 21 is approximately 2,360 feet above sea-level and the top 
of the Fort Union is 60 feet higher. In the test well the base of the Fort Union is 
believed to occur at a depth of 735 feet, at the base of the lowest lignites en- 
countered, or at an approximate elevation of 1,150 feet above sea-level. This gives 
a thickness here of 1,270 feet for the Fort Union as against 1,379 feet for the Fort 
Union at points 1 and 2 (Fig. 1). 

Thirty miles southeast from the Big Viking Well, Sandstone 21 crops out in 
typical development at an elevation of 2,025 feet (B),!° in the SE. } of Sec. 6, T. 
15 N., R. 93 W., at the type locality of Pishel’s" section. Its top is only 11-12 
feet above the base of his “‘Lignite 1”’ (Lignite 21 of present article) and appar- 
ently makes his “Lignites 2 and 3” of the same section correlative with Lignites 
25 and 26 of the present article. Its interval above the base of Lignite 21 has 
thinned greatly from 60 feet on the Nesson anticline and from 105 feet at Sully 
Springs railway station (Fig. 1, point 3). 

Southeast from the locality of Pishel’s section Sandstone 21 crops out along 
the north valley walls of the Missouri River, commonly forming the roof of 
Lignite 21 nearly to the mouth of Snake Creek, T. 147 N., R. 84 W., where it is 
believed that the “Wolf Creek”, “Garrison Creek”, and ‘“‘Minter” lignite beds 
of Andrews” are correlative with Lignites 21, 23, and 24, respectively, of Figure 1. 


WEST-EAST CROSS SECTION (FIG. 1) 


The cross section of Figure 1 is made from 13 columnar sections, numbered 
from point 1 at Sentinel Butte eastward to point 13 near the center of Burleigh 
County, Sec. 27, T. 141 N., R. 78 W., a distance of approximately 165 miles. 
The location of each point is given at the top of each columnar section, and the 
line of the profile is shown in Figure 2. 

The line of the profile was chosen from the standpoint of more definite cor- 
relation of the surface Tertiary strata. It does not reveal the several lines of anti- 
clinal folding, with their northwest-southeast trends, as known in the Tertiary 
beds, since the profile is intended for correlation purposes. For this reason, it does 
not reveal structural irregularities between adjacent points. Since the horizontal 
scale of the profile is 264 times greater than the vertical, it follows that the rate 
of apparent dips between points is greatly exaggerated. Likewise, the deep syn- 
clinal trough for the base of the Tertiary at point 6 at Dickinson is greatly ac- 
centuated. 

In the following discussion of the columnar sections, from west to east, the 
one at point 2, Medora, in conjunction with the one at point 6, Dickinson, is 
described first as it is the key section of the profile. 


10 Elevation figures followed by “‘B” indicate barometric determination, closely checked on spirit- 
level elevation. Elevation figures followed by “L” indicate spirit-level determination. 


1! Max A. Pishel, “Lignite in the Fort Berthold Indian Reservation, North Dakota, North cf 
Missouri River,” U. 5. Geol. Survey Bull. 471-C (1912), p. 173. 

” David A. Andrews, “Geology and Coal Resources of the Minot Region, North Dakota,” 
U. S. Geol. Survey Bull. 906-B (1939), pp. 1-84. 
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Point 2, Medora.—The Medora section is a combination of one measured by 
hand-level and the detailed log of a diamond-drill boring by the Northern Pacific 
Railway Company for water. The boring is approximately 625 feet west of Me- 
dora railway station and about 75 feet north of the railway, and the elevation 
of the top of the boring is 2,276 feet (L), based on 2,290 feet (L) for the top of 
the rail at Medora station as given in the railway time-table. 

The “K” lignite bed of Leonard," or Lignite 16 of the present article, is 
mined 4 mile northeast of Medora railway station at an elevation of 2,310 feet 
(B). The southwest rise of the strata brings the horizon of the lignite bed up to 
50 feet above the top of the boring, making the top of the boring flush with the 
base of Lignite 15. That part of the section at point 2, below Lignite 15, down to 
the base of the Fort Union and Tertiary as indicated, represents the detailed log 
of the boring as published in 1929." 

The section above the base of Lignite 15, up to the base of Lignite 21, was 
measured with hand-level northeastward up the steep hillside from an exposure 
of Lignite 15 in the bed of Andrews Creek near the center of the south line of 
Sec. 1, T. 139 N., R. 102 W. 

Lignite 21 dips markedly southeastward from this point, its horizon being 
readily traceable along the north hillsides of Andrews Creek by a line of its 
“burns” or ‘‘scoria,” and passes below drainage less than 2 miles southwest of 
Sully Springs railway station. That part of the section at point 2 above the base 
of Lignite 21 was measured with hand-level northeastward up the steep hillside 
of Andrews Creek from a point near the SW. corner of Sec. 10, T. 139 N., R. 
tor W. 

From a careful study of the columnar sections of Hares and Leonard,** the 
writer places the base of the Tongue River member of the Fort Union in the sec- 
tion for point 2 at approximately midway between Lignites 10 and 11; and the 
base of the Fort Union and the top of the Hell Creek (Cretaceous) at the bottom 
of the boring at the depth of 941 feet or at minus 1,335 feet, where sand and gravel 
indicate an unconformity at the contact of the Tertiary and Cretaceous. 

The columnar section has been projected by the dash lines below the bottom 
of the hole so as to include the Hell Creek and Fox Hills formations. The contact 
of the latter with the Pierre shale has been placed arbitrarily 1,600 feet below 
the base of Lignite 21. Hudgens!’ states that he and his associates determined in 
the Medora-Beach region that the interval from his Lignite ““E” (21 of present 
article) down to the top of the Pierre shale is approximately 1,600 feet. By as- 
suming a thickness of 80 feet for the Fox Hills as given by Hares, a thickness of 
314 feet is left for the Hell Creek formation at point 2, Medora. 


18 A. G. Leonard, North Dakota Geol. Survey 5th Biennial Rept. (1908), opp. p. 78. 


4H, E. Simpson, “Geology and Ground-Water Resources of North Dakota,” U.S. Geol. Survey 
Water-Supply Paper 598 (1929), p. 78. 


1 C, J. Hares, op. cit., p. 47. 
16 A. G. Leonard, op. cit., p. 78. 
17 Clyde E. Hudgens, oral communication. 
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In his columnar section for the Marmarth region, 45 miles south from Medora, 
Hares gives a thickness of 575 feet for the Hell Creek formation and shows an 
absence of lignite beds. This information and the data revealed at point 6 (Fig. 1) 
make it evident that the base of the Tertiary has been correctly placed in the 
section for point 2, Medora, and at this point the lignite beds of the Tertiary 
have been numbered by the writer in ascending order from 1 to 25, inclusive, 
and the same order continued at point 1 to include Nos. 26 to 29, inclusive. These 
lignites and the contact lines of all formations with their thicknesses as shown 
for point 2 have been projected westward to the site of point 1. At the left mar- 
gin of Figure 1 is given the classification of all formations, accompanied by figures 
giving thicknesses in feet of each as they apply for point 2, Medora. 

In comparing the columnar section at point 2 with that at point 6, at Dickin- 
son, it is evident that Lignites 1-5 of point 2 have been correctly projected and 
correlated at point 6, and likewise the contacts of the several members of the 
' Tertiary and Cretaceous. Therefore, the Hell Creek and Fox Hills formations, 
at point 2, with estimated thicknesses of 314 and 80 feet, respectively, have been 
projected eastward to point 6 and beyond to point 11. Eastward from point 11 
to the vicinity of Barnes the log of well 14 (Fig. 2) gives thicknesses of 205 and 
265 feet, respectively, for the Hell Creek and Fox Hills formations. The eastward 
thinning of the Hell Creek and the westward thinning of the Fox Hills have been 
adjusted at point 11 and westward at all points in the profile to point 6. 

In the columnar section at point 3, fossil shells in abundance, apparently 
fresh-water in type, occur at 5-10 feet above the top of Sandstone 21. These, 
however, appear to be restricted in occurrence. 

The detailed log of the boring used in the section at point 2 records the pres- 
ence of fossil shells in soapstone and sandstone at 541-591 feet between Lig- 
nites 5 and 6, or 1,111 feet below the top of the section. These may be marine in 
character, since the Cannonball member, east of point 11 possesses a markedly 
marine phase. No attempt is made in Figure 1 to differentiate between the Can- 
nonball and the Ludlow members. At point 2 the two members apparently in- 
terfinger, and the upper or Cannonball member becomes marine toward the 
Missouri River. 

The section at point 2, with that at point 1, gives practically in detail all 
strata of the Fort Union series and a vertical measurement of the total thickness. 
In other words, it is not a compiled section that might include errors in corre- 
lation. For this reason the writer has discussed at some length the manner in 
which it was obtained. 

\Point 1, Sentinel Butte-——The writer measured a detailed section with hand- 
level here at the type locality of the Sentinel Butte member with the results 
shown in the columnar section (Fig. 1). The elevation of Lignite 22 was deter- 
mined by aneroid as 2,960 feet (B) from a round trip check on a known spirit- 
level elevation at Sentinel Butte railway station, only 3 miles north. At the point 
where the section was measured, formations were concealed directly below this 
lignite bed (20 feet in thickness) so that is was not possible here to determine its 
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interval above Sandstone 21. However, immediately northeastward and north- 
ward at many places this lignite bed forms “scoria” commonly 25-40 feet in 
thickness directly above the horizon of the base of the lignite. This makes it 
easy to trace the bed northward to an exposure of its “scoria” at an elevation of 
2,910 feet (B) at the base, slightly more than a mile north of Sentinel Butte rail- 
way station, the center of the west line of Sec. 20, T. 140 N., R. 104 W. Here the 
top of Sandstone 21 with its characteristic silicified trees is 70 feet by hand-level 
lower in the measures, or at practically the same interval (75 feet) as at point 2 
below Lignite 22. Likewise, here a thin lignite bed immediately overlies Sand- 
stone 21, as at the Sully Springs section at point 3. 

Aliso, the “‘scoria” of this thick lignite bed (No. 22) at Sentinel Butte may be 
traced easily (near the hill tops) on the north side of U. S. Highway 10 nearly to 
the Golden Valley-Billings county line, where the bed is at an elevation of 2,720 
feet (B), or 375 feet above Lignite 16, which is exposed near Highway 10 on the 
county line, or at the same interval shown between the bases of Lignites 22 and 
16 at point 2, Medora. This further corroborates the correlation that the thick 
lignite bed at Sentinel Butte is the same as that correlated as Lignite 22 in the 
Medora section. 

With the foregoing in mind, the horizon of Lignite 25 has been projected 
westward from point 2 to point 1, and the higher lignites in the Sentinel Butte 
member are numbered in ascending order from 26 to 29, inclusive. There is a con- 
cealed interval from 324 feet to 384 feet from top of section that may contain 
Lignite 25. 

A hard gray sandstone, 73 feet in thickness, its top 27 feet below the apex of 
Sentinel Butte, forms a great cliff here, preserving the butte from erosion. It has 
been named the Sentinel Butte sandstone. It is directly overlain by rounded and 
well worn gravel, } inch to 2 inches in diameter, and by grayish white, shaly and 
sandy beds, extending to the apex of the butte, that are typical of the White 
River formation at other exposures in the Dakota basin of North Dakota. For 
this reason the writer was at first inclined to limit the White River to the top 37 
feet of the section and to include the Sentinel Butte sandstone in the Wasatch. 
However, Hares'® places this sandstone in the White River formation, and, be- 
cause of his extensive field work in the Marmarth area, he is probably correct. In 
the High Top and White Butte areas, immediately southeast of the center of 
Slope County, there is marked evidence of an unconformity at the contact of the 
White River and Wasatch formations. This contact probably occurs in the con- 
cealed interval at point 1, at 115-138 feet below the top of the section; therefore, 
the contact is placed arbitrarily in this interval, 8 feet above the top of Lignite 29. 
It is worthy of mention that the White River formation does not contain any 
lignite beds. 

Point 3, Sully Springs railway station.—The columnar section at Sully Springs 
is formed by combining the section heretofore mentioned as measured by hand- 


18 C, J. Hares, op. cit. 
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level on the north side of Andrews Creek, northeastward from the SW. corner of 
Sec. 10, T. 139 N., R. ror W., with the detailed log of a well drilled for water by 
the Northern Pacific Railway Company.’® The boring is 935 feet north of the 
railway station and 75 feet east of the railway. Its well mouth is at an elevation 
of 2,595 feet (L), based on the top of rail elevation of 2,599 feet (L) at the Sully 
Springs railway station. 

The top of Sandstone 21, the silicified plant and tree zone, crops out 5 feet 
above the top of the boring. The weli was drilled to the depth of 631 feet, or a 
bottom-hole elevation of 1,964 feet (L). ' 

The two thick lignite beds in the boring are evidently correlative with Lig- 
nites 21 and 16 of point 2 and the boring lacks approximately 75 feet of reaching 
the base of the Tongue River member. 

Point 4 (Fig. 1)—The measured columnar section at this point is a short 
one intended for aid in correlation of strata below surface in the profile, giving 
Lignite 24 and the immediately overlying Sandstone 24 (SS24). The lignite may 
be readily traced westward to this point by its exposures or its “‘scoria” along 
Highway to from a point 8.7 miles west of point 6 at Dickinson. 

Point 5, South Heart.—The columnar section at South Heart is formed by a 
measured exposure and the detailed log of a well drilled for water by the Northern 
Pacific Railway Company.”° The boring starts at an elevation of 2,499 feet flush 
with the top-of-rail elevation as given for South Heart station in the railway 
time-table. It is 50 feet south of the railway and 250 feet east of the station. In 
it Lignite 22 was encountered from 42 feet to 54 feet. Therefore, the contact of 
the Wasatch and Fort Union at the top of this lignite has an elevation of 2,457 
feet (L). In the detrital material in the top of the well the horizon of Lignite 23 
is not recorded but it has been supplied from its exposure on the north bank of 
Heart River, 0.8 mile north, where it is 5-6 feet in thickness at an elevation of 
2,485 feet (B), 45 feet below an exposure of Lignite 24 along Highway 1o. 

The horizon of Sandstone 21 has been placed by correlation at an elevation of 
2,394 feet (L), or 70 feet above the base of Lignite 21 as against 105 feet for the 
same interval at point 3. The depth of the boring is 424 feet or a bottom-hole 
elevation 2,075 feet (L), and the two lignites near the bottom have been corre- 
lated as Nos. 18 and 16. 

Point 6, Dickinson.—The Dickinson columnar section is second only in im- 
portance to that at Medora for Tertiary correlation. It is formed by combining 
a section of the surface strata in descending order from the top of Sandstone 24 
at its outcrop at the City water tank on the north edge of Dickinson to the top 
of a deep diamond-drill boring for water by the Northern Pacific Railway on the 
south side of main line, 375 feet (paced) west of Dickinson station. 

The boring starts at an elevation of 2,432 feet (L) based on an elevation of 
2,430 feet (L) as given in the railway time-table for Dickinson station, and was 


19 H. E. Simpson, of. cit. 
20H. E. Simpson, op. cit., p. 227. 
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drilled to the depth of 1,800 feet. At the depth of 1,515 feet, or at an elevation 
of 917 feet (L), it is believed to have encountered the contact of the Fort Union 
(Tertiary) and Hell Creek (Upper Cretaceous) formations, thus giving a complete 
detailed section of the Fort Union in the Dakota basin a short distance west from 
the northward extension of the axis of the Lemmon syncline of South Dakota. 

The base of the Wasatch at the top of Lignite 22 in this boring was en- 
countered at the depth of 49 feet, or at a plus elevation of 2,383 feet (L). This 
gives a total thickness of 1,466 feet for the Fort Union formation, or the maxi- 
mum observed in the Dakota basin, as against 1,379 feet at Medora and Sentinel 
Butte. 

Likewise, the boring is believed to give a complete detailed section of the 
Hell Creek formation, with the contact of the Hell Creek and the Fox Hills at 
1,797 feet, or at an elevation of 635 feet (L). This gives the Hell Creek a thick- 
ness of 282 feet as against 314 feet postulated at Medora. 

The base of the Tongue River has been placed at the base of Lignite 10A at 
a depth of 853 feet, or at an elevation of plus 1,579 feet (L), thus giving the 
member a total thickness of 804 feet, and likewise giving the Cannonball-Ludlow 
members combined a total thickness of 662 feet, as against 768 feet and 611 feet, 
respectively, for the Tongue River and Cannonball-Ludlow formations at 
Medora. 

_ Eastward from point 6 a marked thinning of the Tongue River member evi- 
dently occurs as Fort Rice on the Missouri River is approached. Since only the 
upper part of the Tongue River is exposed at points 7 to 10 the contact of this 
member with the Cannonball-Ludlow could not be ascertained, but at point 11 
this contact has been determined to be approximately 65 feet below the top of 
the Almont sandstone or at the base of Lignite 15. This gives a thickness of only 
205 feet for the Tongue River member at point 11 as against 768 feet at point 6. 
Due cognizance of this pronounced rate of eastward thinning has been given in 
placing the base of this member as shown at points 7, 8, 9, and 1o of Figure 1. 

As should be expected, Figure 1 shows the feather-edging or disappearance 
of Lignites 10A to 14, inclusive, from point 6 to point 11. 

In the log of the boring used in the columnar section at point 6, the top of 
Sandstone 21 is placed at a depth of 99 feet, or at an elevation of 2,333 feet (L), 
46 feet below the base of Lignite 22, and 63 feet above the base of Lignite 21. 

The persistence with which Lignite 22, or the top stratum of the Fort Union 
formation, maintains a good mining thickness is brought out by the columnar 
sections from point 1 at Sentinel Butte eastward wherever exposed. In fact, it 
continues to maintain this characteristic eastward from point 6 to Almont (point 
11), at places attaining a thickness of 14 feet as at the Lehigh mine and 6-10 
feet in the Glen Ullin region. It is this bed that makes widespread “‘scoria” cap- 
ping buttes south, southeast, and east from Glen Ullin, with the overlying Sand- 
stone 21 commonly exposed 20-30 feet lower in the measures. 

As: the horizontal scale of Figure 1 is 264 times that of the vertical, the ap- 
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parent synclinal depression at point 6 for the base of the Tertiary is greatly ac- 
centuated. In fact, the northward extension of the Lemmon syncline is believed 
to pass about 10 miles eastward from Dickinson (point 6) near the mouth of the 
Green River. As previously mentioned, Figure 1 is not intended to show struc- 
tural irregularities between adjacent points, but is prepared for correlation pur- 
poses. 

Point 7.—This columnar section, with its apex at the surface at the “beacon- 
light” tower of the Northwest Airlines, 43 miles southwest of Taylor, was meas- 
ured largely with hand-level from exposures southwest of this point to Heart 
River. It is at the apex of a small local dome in the surface Tertiary strata. 

It may be noted that this section starts high in the Sentinel Butte member 
of the Wasatch and includes in it Lignites 25 and 26, overlain by Sandstone 25 
and Sandstone 26, respectively. 

Sandstone 25 and Sandstone 24 are reliable ‘‘marker-beds” for reconnais- 
sance mapping. The former, in the writer’s field notes, was designated the 
“Taylor sandstone” from its exposures directly above Lignite 25 northeast, 
north, and northwest of the town of Taylor, Stark County. At this type locality 
the top of the sand is 35-40 feet above the base of Lignite 25. Its upper half is 
commonly yellowish gray, highly brecciated, and breaks on weathering to make 
rectangular blocks 2-4 inches in diameter, ordinarily containing many worm 
holes. The lower half is typically soft and grayish white, with white clay largely 
predominating. No other bed in the Tertiary was observed similar to it and for 
this reason it is an excellent key-stratum for geologic mapping wherever exposed. 
Its presence in typical development, along with Lignite 25 and Sandstone 24, 
was observed far south, in the north edge of South Dakota, near the SW. corner 
of Sec. 31, T. 22 N., R. 13 E., where the elevation of Lignite 25 is 2,875 feet (B). 
Here the elevation of the lignite, together with other datum points on the same 
bed farther northeast, constitutes the basis of control for the structural contours 
in Figure 2. 

Sandstone 24, also shown at point 7, ranges from 35 to 45 feet in thickness 
and commonly occupies the most of the interval between Lignites 24 and 25. 
It is ordinarily yellowish gray and generally has a cap rock of grayish yellow, 
cherty, lenticular limestone, 2—5 feet in thickness, making the sandstone very 
resistant to erosion. For this reason it is commonly the surface stratum in wide 
areas, and in many places it forms dip slopes. These features make the top of 
Sandstone 24 a useful datum plane. In Figure 1 it is indicated at all points from 
2-11, inclusive. 

Sandstone 22 directly above Lignite 22 is also shown in the section at point 
7. It is generally lighter in color than Sandstone 24, but eastward from point 7 
to point 11 it is persistent. It is this sandstone that forms the pronounced cliffs 
low down along the valley walls of Elm Creek in Secs. 3, 4, 9, and 10, T. 141 N., 
R. 89 W., Mercer County. 

Point 8.—This columnar section is applicable to the center of the south line 
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of Sec. 1, T. 139 N., R. 92 W., and was measured with hand-level in a ravine 
northeastward to the top of Sandstone 25 in the SW. corner of Sec. 31, T. 140 N., 
R. 91 W. It exhibits the horizon of the Sandstone 21 at an elevation of 2,370 
feet (B). The top of this section is near the apex of a local dome in the Tertiary 
surface beds, a feature that accounts for the higher structural level than that at 
point 9. 

Slightly more than 3 mile southwest of this point, Young Man’s Butte is 
capped with the grayish white, sandy beds of the White Riverformation (Oligocene). 

Point 9, Hebron.—This point is near the axis of a southeast-trending syn- 
cline along the valley of Muddy Creek. The columnar section is intended to 
apply to the structural level of Hebron, although the section was compiled from 
hand-level measurements of exposures at scattered points in the west edge of 
T. 139 N., R. 89 W., for the basal part below Lignite 21 and for the part above 
Lignite 21 in T. 139 N., R. 90 W., to the SW. 3 of Sec. 31 where “scoria”’ of Lig- 
nite 26 is at an elevation of 2,575 feet (B) near the apex of a local dome, or at a 
structural level 150 feet higher than it is at Hebron. 

A fine marker-bed, Limestone B, appears in the section. It is yellowish gray, 
cherty limestone, ordinarily 2-5 feet in thickness, and is 30-35 feet above the 
base of Lignite 19. Eastward it is persistent to and beyond point 11. 

Point 10.—The columnar section here was measured with hand-level up to 
the top of Lignite 22, starting with an old mine in Lignite 19 at an elevation of 
2,210 feet (B) near the NE. corner of the NW. { of Sec. 31, T. 139 N., R. 89 W., 
and thence with aneroid south to the top of a high knob, capped with Sandstone 
24 at o.1 mile north of the center of the south line of the SW. 3 of Sec. 31. Here the 
marker-bed, Sandstone 21, is 75 feet above the base of Lignite 19 and approxi- 
mately 25 feet below the top of Lignite 22, or the base of the Wasatch formation. 

Point 11.—This columnar section is intended to apply for the center of the 
west line of Sec. 1, T. 37 N., R. 87 W., at the apex of a pronounced dome in the 
Tertiary surface strata, superimposed on a northwest-trending anticline usually 
referred to as the “Almont-Glen Ullin anticline.” The section here is compiled 
from hand-level measurements of well exposed beds along the south margin of 
T. 138 N., Rs. 86 and 87 W. 

The Almont sandstone, here 35 feet below the base of Lignite 19 and ap- 
proximately 35 feet above the base of the Tongue River member of the Fort 
Union, appears in the section. It forms high cliffs just above drainage, one mile 
south of Almont railway station. 

It is believed that Lignite 15 of the Medora section at point 2 is represented 
at point 11 just above the dark or somber shales at the top of the Cannonball 
member. The section shows only 205 feet for the Tongue River member. With 
due cognizance of this marked eastward thinning, the base of the Tongue River 
has been projected westward to point 6 at Dickinson. 

Hancock”! discusses the log of a boring at Sims railway station as given by 


21 —, T. Hancock, “The New Salem Lignite Field, Morton County, North Dakota,” U. S. Geol. 
Survey Bull. 726-A (1921), p. 38. 
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Darton” and is not inclined to give much credence to its accuracy because it was 
reported from memory and because, in a boring of its type, he thought it was 
difficult to differentiate good lignite, impure lignite, and black carbonaceous 
shale. It is with this thought in mind that the writer is inclined to believe that 
lignite reported from 710 to 715 feet in the well may have been only black shale, 
particularly as it is in and near the base of the Hell Creek formation. The latter 
is not lignite-bearing in the Marmarth region nor does the log of the diamond-drill 
boring used in the columnar section at point 6 record the presence of any lignite 
beds in the Hell Creek. Likewise, the absence of lignite in the Hell Creek is 
shown in the log of well 14 (Fig. 2), where the entire thickness of the formation 
was penetrated. The Sims boring is reported to have reached the depth of 1,310 
feet, or a bottom-hole elevation of approximately 670 feet above sea-level. 

The top of the Fox Hills sandstone should have been encountered at ap- 
proximately 760 feet in depth, but the log reports only shale encountered from 
715 to 1,310 feet. Since the log was given from memory, evidently the driller 
failed to record the Fox Hills sandy phase. 

Hancock” gives a columnar section designating the lignite beds of the Fort 
Union in the New Salem region by letters in ascending order. His lignites “A,” 
“B,” and “C” are believed to be correlative with Lignites 18, 19, and 21, respec- 
tively, of Figure 1. 

The sandy phase in the log of this boring at Sims from 130 to 322 feet evi- 
dently embraces the entire thickness of the Cannonball member which has a 
marked marine character from here eastward to the Missouri River. 

It is believed that the 8-foot bed of lignite from 322 to 330 feet in depth is 
correlative with Lignite No. 5 at point 2 (Medora) and that it is the same bed 
that is mined along the Little Heart River in Sec. 14, T. 137 N., R. 81 W., at an 
elevation of approximately 1,760 feet above sea-level. 

Point 12.—The columnar section at this point is the top part of the detailed 
log from samples of the Carter Oil Company’s Semling well No. 1 (Fig. 2, No. 5). 
The derrick-floor elevation of the well is 2,033 feet (L) and it starts practically 
flush with the contact of the Wasatch and Fort Union. Lignite 19 was encoun- 
tered at the cepth of go feet. The horizon of the top of Sandstone 21 is shown in 
it at 33 feet below the top, or 57 feet above Lignite 19, the prevailing interval 
just westward near Center. The base of the Ludlow member and of the Tertiary 
is placed at the base of the lignite and shale formation. It gives the entire thick- 
ness of the Fort Union and shows that the latter has thinned to 650 feet as against 
1,466 feet for this series at point 6 at Dickinson. 

The well is 3.5 miles west of the axis of the Bismarck-Washburn-Sanish 
syncline as outlined in Figure 2. 

Point 13, Sec. 27, T. 141 N., R. 78 W.—Eastward from point 12 a distance of 
approximately 53 miles to well No. 6 (Fig. 2), north of Steele, Kidder County, 


2 N. H. Darton, “Preliminary Report on Artesian Water in a Portion of the Dakotas,” U. S. 
Geol. Survey 17th Ann. Rept. (1896), Pt. 2 (1896), pp. 662-69. 


2% E. T. Hancock, op. cit., p. 13. 
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the top of the Dakota sand rises 908 feet in elevation or 17 feet to the mile, con- 
forming with the rate of rise of Lignite 19 immediately east of the Missouri 
River. With this rate of rise eastward in mind, the top of Sandstone 21, the base 
of Lignite 19, and the contacts of the several formations down to the top of the 
Pierre shale have been projected eastward from point 12 to point 13. 

Points 11, 12, and 13 of the profile show in a striking manner that the loca- 
tion of the Semling well at point 12 is synclinal because of its proximity to the 
axis of the syncline as given in Figure 2. 


STRUCTURE 


It was formerly thought that the Dakota basin in North Dakota was merely 
an extension northward of the Lemmon syncline of South Dakota, with its axis 
entending north through the town of Lemmon at the state line. This attitude is 
probably based on conjectural elevations for the top of the Dakota sand. There 
is an area south and west of the Missouri River in North Dakota, almost as 
large as West Virginia, in which no wells reach the Dakota sand to determine 
the structural configuration of the basin. 

From reconnaissance work the writer found, west and northwest of a north- 
south line through Sims railway station, anticlinal folds in the surface Tertiary 
strata that have distinct northwest-southeast trends, that are certainly not par- 
allel with the postulated north-south axis of the Dakota basin. It was also ob- 
served that the strike of the surface beds in northern Morton County has a 
southeast direction nearer the Missouri River and that immediately east of the 
river, northward from Bismarck, the strike in the surface beds changes to north 
and south. It is evident, therefore, so far as the upper Tertiary surface beds are 
concerned, that the original conception of the configuration of the Dakota basin 
is wrong. On the assumption that the valley of the Missouri River southeastward 
from Sanish in Mountrail County to Bismarck might be roughly synclinal in 
the Tertiary beds and that this might explain the presence southwestward of the 
northwest-southeast anticlines, the writer was successful in locating datum 
points on Sandstone 21 and associated lignites along that part of the valley. 


TERTIARY AND CRETACEOUS STRUCTURE (FIG. 2) 


Figure 2 is a structure map of the Dakota basin in North Dakota drawn (1) 
on the surface Tertiary Sandstone 21, above sea-level, as found along the Mis- 
souri River and in the area south and west of the river, and (2) on the subsurface . 
Cretaceous Dakota sandstone, below sea-level, as determined from well logs in 
the area north and east of the river. 

In the area west of the river, the upper Tertiary contours give only a slight 
indication of the northward extension of the Lemmon syncline of South Dakota. 
They show the most pronounced synclinal axis following the valley of the Mis- 
souri River southeast from Sanish through Washburn to and beyond Bismarck, 
suggesting the name “‘Sanish-Washburn-Bismarck syncline.” 
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In the area north of the Missouri River glacial drift is far more prevalent than 
in the area contoured on Sandstone 21, to the extent that in large areas the Ter- 
tiary beds are concealed and their limited exposures are believed unreliable for 
widely extended correlation. For this reason the contours are given on the top 
of the Dakota sandstone in the area immediately north and east of the Missouri 
River. 

The two sets of contours corroborate each other to the extent that they re- 
veal a marked syncline along the valley of the Missouri from northwest of Sanish 
southeastward to and beyond Bismarck. Another syncline extends from the 
1,600-foot depression contour on Sandstone 21 westward along the valley of the 
Little Missouri to the mouth of Cherry Creek, and thence northwest along the 
valley of Cherry Creek. It is projected northwest to Williston where a datum 
point on Lignite 21 warrants the location of the 1,975-foot contour on Sand- 
stone 21. 

The Dakota basin in North Dakota is sometimes referred to as the “Williston 
basin” but the structural low point of the basin is 45-50 miles slightly south of 
east from Williston and it could more aptly be designated the “Sanish basin.” 

The most pronounced structural feature on Sandstone 21 is the dome north- 
west of Sanish in northern McKenzie County. It is on a southward extension of 
the Nesson anticline of Williams County. East of a north-south line through 
Dickinson there is a wide divergence of the 1,900- and the 2,300-foot contours. 
This is due to the presence, in southern Mercer, western Morton, and eastern 
Stark and Hettinger counties, of northwest-southeast anticlines, some with 
closures of more than 100 feet. This amount of closure is striking since the re- 
gional dip of the upper Tertiary strata from Mott northeastward go miles to the 
Missouri River is less than 7 feet to the mile. The scale of Figure 2 is too small 
to outline by contours these anticlines. 

The lowest point in the Dakota basin for the top of the Dakota sandstone is 
near Sanish where it is 2,800 feet below sea-level. In contrast, the lowest point 
in the basin for Sandstone 21 is 20 miles farther southeast where it is 1,600 feet 
above sea-level. This southeast shift of the structural “lows” for these beds is 
due to their pronounced rate of convergence southeast to and beyond well No. 
5 in southeast Oliver County. 


SUGGESTED LOCATION OF AXIS OF LEMMON 
SYNCLINE ON TOP OF DAKOTA SANDSTONE 


In the description of point 6 (Fig. 1), it is suggested that the axis of the 
Lemmon syncline extends northward near the mouth of the Green River or about 
midway between points 6 and 7 of Figure 2, because of the structural position 
of the top of the Dakota sandstone. Figure 1 appears to corroborate this con- 
clusion in that it shows a marked eastward rise of the base of the Tertiary from 
point 7 to point 11. Figure 2 shows this probable location of the synclinal axis 
on the top of the Dakota sand, passing through Lemmon (South Dakota), and 
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the mouth of the Green River to the mouth of Cherry Creek in northwestern 
Dunn County, where it is believed to coincide with the syncline extending north- 
west through Williston. Between the Lemmon syncline, as postulated, and the 
Sanish-Washburn-Bismarck syncline there is believed to be a broad northwest- 
plunging anticline on the top of the Dakota sandstone from point 11 (Fig. 2) to 
the Nesson anticline, the latter being a pronounced structural feature on the 
same line of anticlinal folding. 


OIL AND GAS 
ATTEMPTS AT DEVELOPMENT 


The remoteness of the Dakota basin from the oil and gas fields of the Mid- 
Continent and Rocky Mountain states and from pipe-line facilities has been a 
factor in retarding attempts at development. However, this remoteness is more 
apparent than real for the basin is traversed east and west by two trunk-line 
railways, the Great Northern and the Northern Pacific, and the Missouri River 
that should be navigable for barges; so that temporary transportation facilities 
are available for the products of any oil fields that might be opened. 

During the past 3 years an intense leasing campaign has been conducted in 
the basin both by major oil companies and independent operators, the former 
including the Carter Oil Company, the Magnolia Petroleum Company, the 
Sinclair Prairie Oil Company, the Stanolind Oil and Gas Company, the Gulf Oil 
Corporation, the Cities Service Oil Company, the Phillips Petroleum Company, 
and others, and the latter including Thomas W. Leach, Moser and Levorsen, 
the Plymouth Oil Company, the Texas Canadian Oil Corporation, and others. 
Major companies have leased 2,375,000 acres and independents have leased 
2,100,000 acres, Or 4,475,000 acres total. 

The war has greatly handicapped drilling because the immediate demand for 
oil has compelled the major companies to rearrange their budgets to develop their 
“close-in,” proved, or semi-proved leases in other states. Only one test well has 
been completed in the last 4 years, the Carter Oil Company’ s Semling No. 1 (Fig. 
2, No. 5). 

Following is a list of the test wells in the limits of Figure 2, with a brief de- 
scription of each. 

WELLS DRILLED FOR OIL AND GAS (FIG. 2) 


(Elevation figures, in feet, followed by letter “‘L” indicate spirit-level determina- 
tions; those followed by letter “B,” barometric. 


Well No. 
on Map 
1. A. R. Jones Oil Operating Company's Gehringer No. 1, Renville County, SE. corner, Sec. 1 
T. 161 N., R. 84 W.; elevation 1,650 B. Completed 1931, total depth 3,872 feet. Top of Dakots 
sand at 3, ° 50 feet or minus elevation of 1,400 feet. Abandoned, d 
2. Des Lacs Western Oil Company’s Blum No. 1, Ward County, NE. T Sec. 9, T. 155 N., R. 85 W.; 
elevation 1,987.5 L. Completed 1923, total depth 3,980 feet, stopped in Benton shale (Upper 
Cretaceous). Estimated depth to top of Dakota sand, 4,000 feet or minus elevation of 2,012 feet. 
Abandoned, dry. 
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The California Company’s Kamp No. 1, Nesson anticline, Williams County, center NW. 3, NE. 
4 Sec. 3, T. 154 N., R. 96 W.; elevation 1,927 L. Drilled with rotary tools, commenced Septem- 
ber 28, 1937, completed August 15, 1938, total depth 10,281 feet, where drill-stem stuck and 
parted leaving 3,000 feet of it in hole. Top of Dakota sand at 4,220 feet or minus elevation of 
2,293 L. Its detailed log, classified only for upper 5,585 feet, is on pages 370-75 of March, 1942, 
A.A.P.G. Bulletin, by Virginia Kline. Discussed in more detail later. 
Big Viking Oil Company’s Well, Nesson anticline, Williams County, center SE 3, NW. 3 Sec. 3, 
T. 154 N., R. 96 W.; elevation 1,883 B. Completed with standard tools, spring of 1935, total 
depth 4,642 feet. Top of Dakota sand at 4,185 feet, or minus elevation of 2,302 feet. Aban- 
oned, dry. 
The Carter Oil Company’s Semling No. 1, Oliver County, 14 miles N. of Mandan, center SE. 4, 
SE. } Sec. 18, T. 141 N., R. 81 W.; elevation derrick floor 2,033 L. Spudded June 8, 1942, com- 
soma August 26, 1942, total depth 8,650 feet. Top of igneous and base of Ordovician at 8,631 
eet; Lignite 19 at depth of go feet; base of Fox Hills and top of Pierre shale at 1,149 feet; 
top of Dakota sand at 3,470 feet or minus elevation of 1,427 L. Drilled with rotary tools. Dis- 
cussed in more detail later. 
Prairie Oil and Gas Company’s Armstrong No. 1, near Steele, Kidder County, SW. corner, 
Sec. 2, T. 140 N., R. 73 W.; elevation previously reported and used in Figure 2 was 1,880 B, 
but later correction of elevation by The Texas Company engineering staff gives 1,826 L. Top of 
Dakota sand at 2,345 feet or minus elevation of 465 feet as used for datum point in Figure 2. 
Correct elevation for top of Dakota sand should be minus 519 feet. Drilling commenced May 27, 
1928, completed January 15, 1930, total depth 3,884 feet. Top of Mississippian believed at 
2,989 feet and still in it at bottom of hole. Abandoned, dry. 
A. C. Townley Interests’ Robinson Patented Land No. 1, Kidder County, NW. corner, NE. 4 
Sec. 12, T. 142 N., R. 72 W.; elevation 1,800? Completion date not known. Total depth 2,400 
feet. Top of Dakota sand at 2,275 feet or minus elevation of about 475? feet. Log furnished writer 
by Edward A. Huffman, geologist, Skelly Oil Company. Abandoned, dry. 
D. J. Carter and Company’s Well No.1, Logan County, SE. 3, SE. 3 Sec. 26, T. 134. N., R. 72 W.; 
elevation 1,964 L. Drilling commenced August, 1933, and shut down for casing at 2,284 feet and 
later abandoned, dry, at that depth. Top of Dakota sand at 2,091 feet or minus elevation of 127 


eet. 
8. Davis No. 1, Adams County, SW. corner, NE. 3, NW. } Sec. 17, T. 129 N., R. 91 W.; elevation 


10. 


2,502 B (from information by O. A. Seager, Carter Oil Company). Drilling commenced October 
28, 1922, completed April 27, 1923, total depth unknown but believed s‘ill in Cretaceous. Partial 
log published on pages 29-31 of “Selected Deep Well Records,” Bull. 12 of North Dakota Geo- 
logical Survey, which shows information on log very unreliable. “Muddy sand” reported by 
drillers at 2,800 feet. Well believed to start at approximately 50 feet below horizon of writer’s 
“marker-bed” (SS21) of Figure 1. Lowest lignite bed, 15 feet thick, reported at 345-360 feet, 
probably at base of Ludlow and of Tertiary, at plus elevation of 2,140 B as against a plus eleva- 
tion of 917 L for base of Tertiary, 70 miles northward at point 6 of Figure 1 at Dickinson. On 
plotted log of well furnished writer by Edward A. Huffman, geologist, Skelly Oil Company, 
following note by Norval Ballard appears: “Drilling at 3,400 feet, no Dakota yet.” Its location 
near North Dakota-South Dakota line and near axis of regional Lemmon syncline of South Da- 
kota should make top of Dakota sand low here, probably about minus elevation of 2,150 feet. 
Top of Pierre shale believed to belong at 1,043 feet or plus elevation of 1,442 B. Should top of 
Dakota sand here belong at minus elevation of 2,150 feet, then interval from top of Pierre shale 
to top of Dakota sand would be 2,592 feet as against 2,311 feet for same interval at well No. 5 
and 4,128 feet for same interval at well No. 9. Log of this Davis well so unreliable that little 
credence is given it by writer. 

Montana-Dakota Utilities Company’s Unit Well No. 1, 14 miles SW. of Marmarth, North Da- 
kota, just across state line in eastern edge of Fallon County, Montana, NE. corner, NW. }4 
Sec. 17, T. 4 N., R. 62 E.; elevation 2,991 L. Drilling commenced August 1, 1935, completed 
May, 1936, total depth 8,155 feet. Estimated to start 440 feet below base of Fox Hills and top 
of Pierre shale. Top of Dakota sand at 3,688 feet or minus elevation of 697 feet. Oil showings 
at top of Madison limestone (Mississippian) at 6,747-6,797 feet; 6g-inch casing set and ce- 
mented at 6,739 feet. Drill-stem test reported to have given 3,850 feet of oil (40° Bé) in hole 
in 35 minutes. Drilling deeper, oil showings reported in Ordovician dolomite, 8,o10-8,060 feet. 
Still in Ordovician at bottom of hole, 8,155 feet. 

The Carter Oil Company’s Northern Pacific Railway No. 1, Fallon County, Montana, just across 
North Dakota-Montana line, 15.8 miles SW. of Marmarth, North Dakota, center SW. }, 
SE. } Sec. 19, T. 4 N., R. 62 W.; elevation 3,076 L. Spudded May 12, 1941, completed October 
6, 1941, total depth 9,680 feet. Base of Cambrian and top of pre-Cambrian igneous rock at 
9,654 feet. Top of Dakota sand at 3,755 feet or minus elevation of 679 feet. Top of Madison 
limestone (Mississippian) at 6,815 feet, with black oil showings near top. Top of Ordovician at 
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7,845 feet and base at 9,435 feet. Several oil showings in Ordovician, 8,320-8,662 feet. Aban- 
doned as non-paying well. Its classified log, without full details of formations, is given by O. A. 
Seager et al. on pp. 863-64 of May, 1942, A.A.P.G. Bulletin. 

14. The Carter Oil Company completed, October, 1940, a slim-hole exploration well in southern 
Morton County, NE. corner, NW. 3 Sec. 22, T. 136 N., R. 83 W., starting at elevation of 
2,219 L. Information on detailed log not yet (February 10, 1943) released; reported to have 
stopped in Mississippian. Starts approximately 20 feet above base of Lignite 19. 


The two most important test wells in the foregoing list from the standpoint 
of oil and gas possibilities are Nos. 3 and 5, which are discussed in the following 
paragraphs. 

The detailed stratigraphic log of The California Company’s Kamp well No. 
1, as published by Kline,* may be classified as to formations as shown in the fol- 
lowing tabulation. The classification from the top of the Amsden, at 6,475 feet, 
down to 10,050 feet was made by O. A. Seager of the Carter Oil Company from 
his study of the log and his comparison with the log of The California Company’s 
Northern Pacific Railway No. 1 (Fig. 2, No. 10). With the Spearfish (Triassic) 
resting directly on the Amsden, the classification reveals the absence of the 
Permian, Pennsylvanian, and Silurian rocks. The base of the Tertiary is placed 
at 740 feet, by comparison of the log with that of the near-by Big Viking well 
(Fig. 2, No. 4, drilled with standard tools), in which the lowest lignite beds were 
at the depth of 735 feet. 


CLASSIFIED LOG OF THE CALIFORNIA COMPANY’S KAMP NO. I (FIG. 2, NO. 3) 


Thickness 
Recent in Feet 
Cretaceous 
Pierre shale, Niobrara and Benton shales, 4,221 
Jurassic 
iassic 
Mississippian 
Big Snowy group 
Madison group 
Ordovician (oil showings at 10,150-10,201 feet and in dolomite 10,230-10,250 feet)...... —10,281 


It is reliably reported that geophone tests at the bottom of the hole, before 


% Virginia Kline, “Stratigraphy of North Dakota,” Bull. Amer. Assoc. Petrol. Geol., Vol. 26, 
No. 3 (March, 1942), pp. 370-75. 
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the drill-stem stuck, indicated approximately 2,000 feet of sedimentary strata 
down to the pre-Cambrian basement complex, probably mostly Ordovician. In 
comparing the base of the Madison limestone in the plotted log of this well with 
that of Carter Oil Company’s Semling No. 1, it appears that the base of the 
Devonian should be at 10,050 feet. This would mean that the Kamp well pene- 
trated only 231 feet into the Ordovician and lacked approximately 100 feet of 
reaching the top of the porous dolomites in the Ordovician that were encount- 
ered in the Carter’s Semling well at 7,180-7,372 feet. Likewise, it evidently 
lacked approximately 225 feet of reaching a sand phase in the Ordovician en- 
countered in the Semling well from 7,495 to 7,545 feet, and lacked approxi- 
mately 1,200 feet of reaching the top of a series of sands in the Ordovician en- 
countered in the Semling well from 8,476 to 8,831 feet. 

Drill-stem tests of the oil showings reported at 10,050—-10,245 feet in The Cali- 
fornia’s Kamp No. 1 were not made, pending drilling of the lower sedimentary 
section. Unfortunately, the bit stuck at the bottom of the hole and during a long 
effort to get it loose the drill-stem parted and left approximately 3,000 feet of it 
in the hole unrecovered. The well was abandoned, as the company was then 
unable to make drill-stem tests of the showings in the Ordovician below 10,150 
feet. 

Seismic shooting by The California Company on the Nesson anticlines indi- 
cated that the fold was greatly accentuated at depth on the older formations, the 
dips being three to four times as steep on the east and west flanks of the anticline 
as on the surface Tertiary beds.* 

The California Company at this time (1937 and 1938) acquired a large area 
of leases on the Nesson anticline on the south side of the Missouri River in north- 
ern McKenzie County, where seismic shooting indicated more favorable struc- 
tural conditions, but due to drilling obligations in connection with the acquisition 
of leases, the initial test well had to be drilled on the part of the fold in Williams 
County. 

In the Kamp well, the Mississippian and Devonian formations appear to lack 
porosity, but there is evidence of fair porosity in the dolomites and sandstones in 
the upper part of the Ordovician in the Kamp well, and deeper in the Ordovician 
in the Semling well. Allen Ehlers** has described the formations in the Semling 
well, based on his microscopic examination. Except for the Ordovician, the log 
is given in condensed form in the present article. The top of the Dakota has been 
selected by the writer at 3,470 feet at the top of 20 feet of sandstone, instead of at 
3,533 feet as given by Ehlers, for the reason that pink shales and sandstones are 
recorded in the cuttings from 3,500 to 3,550 feet. Such shales are foreign to the 
Graneros formation. 


% Thomas W. Leach, personal communication. 


26 Allen Ehlers, “Williston Basin Wildcat Test, Oliver County, North Dakota,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 27, No. 12 (December, 1943), pp. 1618-22. 
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CLASSIFIED LOG OF CARTER OIL COMPANY’S SEMLING NO. I (FIG. 2, NO. 5) 
(From samples of cuttings; figures in feet) 
Depth 
TERTIARY (660; includes all of Fort Union) (Feet) 
Fort Union formation 
Tongue River member (230). Lignite No. 19 at QO-100..... 0-230 
Cannonball-Ludlow members (430). Lignite at 
CRETACEOUS (3,010) 
Hell Creek formation (265). Shales sandy, with sand and limestone streaks............ -915 ) 
Fox Hills formation (175). Mostly sandy shale and sand streaks..................... 1,090 
Pierre formation (1,200). Mostly shale, some -2,290 
Niobrara formation (200). Shale and calcareous shells.................00eeeeeeeeees -2,490 
Graneros formation (780). Shale with streaks of sand and limestone.................. —3,470 
JuRAssIc (710) 
Morrison formation (28). Mostly shale, gray, sandy with calcareous shells and pinkish 
TRIASSIC (226) 
MISSISSIPPIAN (1,784) 
Amsden formation (79). Dolomite; shale, green, gray, black; and anhydrite....... ... 4,685 
BIG SNOWY GROUP (918) 
MADISON GROUP (757) } 
Englewood formation (30). Black -6,390 
DEVONIAN (471) 
ORDOVICIAN (1,970) — 
Stony Mountain-Bighorn formation (618). (6,861-7,479) 
ae eae highly porous, slight traces of black dried oil (7,255-7,360 and 6,360- , 
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Red River-Whitewood formation (831). (7,479-8,310) 
Limestone, hard, crystalline with micro-fossil shells... 
Limestone, dolomite, gray micro-bryozoans. 
Limestone and shale, micro-bryozoans 
Limestone, buf, light gray and tan, crystalline, and some shale, green.............. 
Limestone, buff, finely crystalline, and shale, 
Limestone, buff, granulated, and shale, green, crinoid stems..............-...-.+++ 
Limestone, finely crystalline, granular, and shale, 
Limestone, buff, granulated and finely crystalline, and some green shale............ 
Limestone, brown, crystalline, and dolomite, with crinoid fragments..............-. 
Limestone, buff, finely crystalline with crinoid 
Limestone, gray, finely crystalline, and shale, green and black..................--- 
Winnipeg formation (521). (8,310-8,831) . 
Sand, white, coarse, soft, slightly 
Limestone, sandy, coarse, slightly 
Limestone, sandy, and shale, orange-browN............0ccsceeccececccoeececeees 
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Depth 
(Feet) 
7,495 
520 
é Fe 
—7,545 
-7,579 
-7,596 
606 
-7,630 
—7,650 
—7,660 
-7,671 
-7,690 
Bi, 
~7,710 
7,715 
“73135 
| —-7,746 ‘i 
—7,749 
~7,800 
—7,805 - 
-7,820 
j -7,830 
j ~7,850 
—7, 860 
—7,975 
-7,980 a 
—8 ,000 
-8 ,030 
—8,065 
-8,075 
} -8,085 
-8,120 
-8,160 
-8,175 
-8,185 
205 
8,245 
i -8, 265 
‘ -8, 280 
i —8, 290 
-8, 300 3 
-8, 310 
i -8,335 
-8,476 
—8,491 
i -8, 500 : 
-8, 510 
-8,540 
-8,550 
-8,555 
-8,570 
-8,575 
-8,585 
-8,595 
-8,600 
-8, 605 
-8, 610 
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Depth 
(Feet) 

Shale, green, with streaks of limestone and sand..................0cccceeeeeeees ~8,622 

Sand, gray, and limestone, white, sandy, and shale, —8, 641 

Shale, green, and sand with coarse rounded grains... ..............00ceeeeeeeeees -8,6 

Shale, green, and sand, subangular to rounded grains....................00eeeeeee -8,715 

Shale, green, some limestone, grayish white, sandy glauconitic..................... -8, 785 i 

Limestone, grayish white, sandy 805 

Sand, grayish white, subrounded conglomeratic......... -8 , 831 

Pre-Cambrian-Igneous (19) 

According to Leach,?’ the Semling well is located on a dome in the surface 
Tertiary beds, with a closure of approximately 50 feet. It has been observed that | 
along the valley walls of the deeply trenched Missouri River the surface Tertiary 
beds slump near the river, so that the closure on the east or critical side of the | 


dome may be more apparent than real. The Semling well is evidently near the 
axis of a regional syncline (Figs. 1 and 2). It is evidently not a fair test of the 
oil and gas possibilities of the Dakota basin. However, it reveals the presence in 
the Ordovician of highly porous dolomites with traces of oil and in addition a sand 
phase in the basal part. 

Well No. 10 is very important in that its log reveals a thick section, 1,965 and 
1,590 feet, respectively, for the Mississippian and Ordovician, with a sandy phase 
in the latter from 9,095 to 9,654 feet. It also shows thin sections for the Permian, 
Pennsylvanian, and Cambrian, all of which are apparently absent in the Semling 
well. It reveals the absence of Silurian beds, as in the Kamp and Semling wells. In 
the two latter wells the Devonian is present in good thickness but is apparently 
absent at well No. ro. 

Of interest in this particular area is the following by Ballard.** 


About 25 miles west of Westhope, gas was produced from a pool near Mohall, Renville 
County, North Dakota. This gas occurred at a depth of approximately 280 feet in beds of 


*7 Thomas W. Leach, personal communication. 


28 Norval Ballard, “Regional Geology of the Dakota Basin,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 26, No. 10 (October, 1942), p. 1581. 
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Upper Cretaceous age, probably upper Fox Hills. Nine and one-half miles south of West- 
hope, Bottineau County, North Dakota, gas wells with an average open flow of two and 
one-half million cubic feet were completed at a depth of 150-200 feet. This gas, which was 
piped into Westhope, was produced from a sandy lense at the base of the glacial drift or 
in the top of the underlying Pierre shale. Another small Pierre gas field was developed near 
Lansford in the same county. 


CONCLUSIONS 


In a broad sense the Dakota basin is a large practically unexplored synclino- 
rium with possibilities for oil and gas production in large areas in North Dakota 
and South Dakota and in considerable areas of Manitoba and Saskatchewan, 
Canada. This article is confined to western North Dakota. Within this restricted 
area the known thickness of sedimentary strata is approximately 12,000 feet. 


' These beds range from Tertiary to Ordovician in age and include formations that 


produce oil and gas in the Rocky Mountain and Mid-Continent provinces. Thick 
sections of the Mississippian and Ordovician are present, the latter containing 
porous dolomites with showings of oil. 

It is the writer’s observation that the most prolific oil pools in regional basins 
commonly occur at comparatively low structural levels, in local structural or 
stratigraphic traps, and not on the high outer margins of the basins. A few ex- 
amples are the principal oil fields in the Big Horn basin of Wyoming, the Appa- 
lachian basin in Pennsylvania and West Virginia, and the Permian basin of west- 
ern Texas. 

Figure 2 shows a pronounced local structure, the Nesson anticline, in northern 
McKenzie County, at a comparatively low structural level in the Dakota basin. 
This structural feature is known from seismic shooting to be accentuated at depth 
on the older formations. It is a reflection in the surface Tertiary beds of a much 
more pronounced anticline in the Mississippian and Ordovician strata. For rea- 
sons discussed on a preceeding page in connection with the classified log of the 
Kamp well it is believed that this anticline offers the best prospect for opening 
an Ordovician oil and gas pool in North Dakota. 

Superimposed on the broad northwest-plunging anticline southwest of the 
Missouri River, postulated on the top of the Dakota sandstone, occur a number 
of northwest-southeast anticlines in the surface Tertiary beds. Some of these have 
closures of more than 100 feet. The dips are steeper nearer the axis, in many 
places in excess of 50 feet to the mile, as against a regional northeast dip of ap- 
proximately 7 feet to the mile on Sandstone 21. Seismic shooting may demon- 
strate that some of these anticlines in the upper Tertiary may not continue with 
depth. However, it is believed that the most pronounced will reflect deep struc- 
tural disturbance, as at the Nesson anticline. 

These Tertiary anticlines are favorably situated at comparatively low struc- 
tural levels on and along the deep broad anticline postulated on the top of the 
Dakota sandstone. Thus, together with the known thinning of all formations 
eastward and southeastward toward the eastern margin of the basin, they offer 
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possibilities of a combination of stratigraphic and structural traps. Besides, the 
location of some of the anticlines in the Tertiary surface beds offers approxi- 
mately 3,000 feet less drilling to reach the porous zones in the Ordovician than at 
the Nesson anticline in McKenzie County. 

In the Dakota basin of North Dakota, drilling does not present serious diffi- 
culties. The driller of The California Company’s Kamp well stated that the 8,125 
feet to the Madison limestone could be drilled as quickly as a 4,000-foot well in 
Kansas. The actual drilling time for the Semling well (from the date it was spud- 
ded in, June 5, 1942, to completion, August 26, 1942), was only 80 days, including 
the taking of many cores, and a week or 10-day shut-down to strengthen the rig 
and get additional drill pipe. The reason for this extra delay was that the depth 
through the sedimentary strata was greater than anticipated. If a pool were 
opened here in the Ordovician, wells could be completed in 60 days. In this well, 
the writer is informed, 53 rotary bits were used, 1,100 sacks of mud required, and 
only 963 feet of 13-inch casing used. 

From the foregoing data it is evident that the area is not unfavorably com- 
parable in actual drilling costs with some areas where such deep drilling is re- 
quired. 

A quotation from Ballard®® is given for its bearing on another prospective 
oil and gas area along the eastern margin of the Dakota basin in North Dakota. 


If any oil can be found in the wedge belts, the Dakotas are destined to become a major 
producing area on account of the wide extent of the wedges of porous beds. 


Eastward from a north-south line through the Semling well (Fig. 2, No. 5), 
the Ordovician, Devonian, and Mississippian feather out, successively against 
the eastward rise of the basement complex. This occurs somewhere east of Well 6 
(Fig. 2) in Kidder County, toward the eastern boundary of North Dakota. This, 
of course, results in a stratigraphic form of trap favorable for the accumulation of 
an oil or gas in porous beds. Probably the porous zones of the Ordovician offer 
the best prospects. It is very difficult, however, with the information now availa- 
ble, to determine even approximately where this may happen and many wells 
would have to be drilled to find out. An oil pool opened where this takes place 
would no doubt be at much less depth than it would be basinward on the west 
side of the Missouri River. 


29 Norval Ballard, of. cit., p. 1582. 
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APPLICATION OF CHEMICAL ANALYSIS OF CRUDE OILS 
TO PROBLEMS OF PETROLEUM GEOLOGY 
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K. W. BARR,? F. MORTON;? anp A. R. RICHARDS? 
Point-a-Pierre, Trinidad, British West Indies 


ABSTRACT 


The chemical analysis of individual crude oils from a specific area has been used in a study of the 
variations of crude-oil type. The conclusions drawn from the chemical evidence are discussed in rela- 
tion to the geology of the area and it is shown that correlation by means oi chemical evidence sub- 
stantiates the geological findings. Evidence is given for the migration of a paratfine-aromatic type oil 
a naphthenic oil-bearing Forest sands of the Bernstein field-of Trinidad, British 

est Indies. 


INTRODUCTION 

It has long been realized that a rapid method of crude-oil analysis capable 
of giving accurate information concerning the chemical composition of the oil 
would be of great value in geochemical investigations. Such information would 
assist studies concerning the source and migration of oils, would be of value 
in planning exploitation programs, and would facilitate extended crude-oil segre- 
gation programs. To be of value in crude-oil survey work, the chemical analysis 
should be capable not only of identifying similar oils but of differentiating minor 
variations in oils of identical type. Several methods of analysis have been devel- 
oped for this purpose, the most important being those of the United States Bu- 
reau of Mines,‘ the correlation index of H. M. Smith,’ and the gravity interval 
pattern of D. C. Barton.* These methods offer a rapid means of classification of 
oils. They can be used to differentiate various crude-oil types and are capable of 
differentiating certain variations within the type, but do not give a sufficiently 
detailed account of the chemical composition for their use in more extended geo- 
chemical studies. 

Methods of analysis for identifying the hydrocarbons in the entire crude oil 
are not available. However, as a result of the extended work of the American 
Petroleum Institute Research Project 6, methods are available for the complete 
analysis of the gasoline fraction, and it is anticipated that further work will extend 
the established methods until a complete crude-oil analysis is possible. Using 

1 Manuscript received, May 4, 1943. The writers wish to express their gratitude to C. J. May for 
valuable assistance in planning the survey and for supervision of sampling, et cetera; to H. G. Kugler, 
H. Suter, and H. C. H. Thomas for advice and assistance throughout the work; and to the general 


manager, A, J. Ruthven-Murray, and the board of Trinidad Leaseholds, Limited, for permission to 
publish work done in the company’s research laboratories. 


2? Geological division, Trinidad Leaseholds, Ltd. 

3 Research and development division, Trinidad Leaseholds, Ltd. 

4 E. C. Lane and E. L. Garton, U. S. Bur. Mines R.I. 3279. 

5H. M. Smith, U. S. Bur. Mines Tech. Paper 610 (1940). 

6D. C. Barton, Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), pp. 561-92. 
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precise fractionation technique, Fenske and co-workers’ analyzed a number of 
virgin naphthas and were able to identify the main hydrocarbon constituents, and 
to form an estimate of the amount of each hydrocarbon present. The naphthas 
were classified according to their composition into two basic types, the paraffinic 
type and the naphthenic type, the former being subdivided into three classes: 
paraffine, paraffine-aromatic, and paraffine-naphthene. The naphthenic type was 
subdivided into two classes according to the nature of the naphthenic hydrocar- 
bons present: cyclopentane derivatives and cyclohexane derivatives. More 
recently, G. D. Gal’pern® and his associates have analyzed the gasoline-naphtha 
fractions of a number of crude oils of various ages. The degree of fractionation 
used in the analysis was not as great as that employed by Fenske. The results ob- 
tained are, however, of considerable interest in that they show a definite relation- 
ship between the character of the naphtha and “the contents of a number of polar 
active components in crude oils (mainly bases and carboxylic acids),” indicating 
that the composition of the naphtha is a criterion of the character of the crude 
oil. 

By far the most accurate method for analyzing the gasoline fractions of 
petroleum has recently been described by Rossini and co-workers,’ and is based 
on the previous work of the A.P.I. Research Project 6. The aromatic portion of 
the gasoline is first separated from the non-aromatic portion and the two fractions 
then submitted to a fractional distillation in columns of high efficiency. By com- 
parison of the physical constants of the distillate fractions with the physical con- 
stants of known hydrocarbons it is possible to identify the individual hydrocar- 
bons with certainty. However, the full analysis of a gasoline by this method 
occupies approximately 600 hours, which renders it unsuitable for use in ex- 
tended geo-chemical investigations. 

During the past 6 years methods for the rapid analysis of the gasoline fraction 
of petroleums have been developed in the laboratories of the Trinidad Lease- 
holds, Limited, Trinidad.!° The methods of analysis are based on the work of 
the A.P.I. Research Project No. 6, and are similar in many respects to those 
described by Fenske. However, by careful standardization of all equipment, by 
the development of special methods of analysis of the distillate fractions, and by 
utilization of automatic control devices it has been possible to reduce the time 
required for the examination of an oil to a minimum. Before discussing the re- 
sults obtained and their application to geochemical problems, a brief account of 
the methods of analysis used is given. 


7M. R. Fenske, W. J. Sweeney, and C. O. Tonberg, Ind. Eng. Chem., Vol. 30 (1938), pp. 166-69. 

8 G. D. Gal’pern, Bull. Acad. Sci. U.R.S.S., No. 4 (1941), pp. 45-54. 

® F. D. Rossini, B. J. Mair, A. F. Forziati, A. R. Glasgow, and C. B. Willingham, paper presented 
to Division of Refining, 23d Annual Meeting of American Petroleum Institute, November 10, 1942. 

10 F. Morton and A. R. Richards, Jour. Inst. Petrol., Vol. 29, No. 230 (London, February, 1943), 
PP. 55-74- 
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ANALYTICAL TECHNIQUE 


1. Primary fractionation—From 5-10 liters of the crude oil is first topped in 
semi-automatic vacuum stills (Fig. 1), consisting of a 1o-liter stillpot fitted with 
a fractionating column packed with 1 foot of 25-mm. Stedman packing, con- 
nected to a 2-liter receiving flask and vacuum control system. The light fractions 
are distilled under atmospheric pressure up to 100°C. and a second fraction then 
collected up to 100°C. at 15 mm. pressure. These fractions are then blended for 
further investigation. By suitable adjustment of the control devices the frac- 


Fic. 2.—Secondary stills. 


tionation of the residue may be continued into the gas oil and lubricating oil 
ranges. 

2. Secondary fractionation and naphtha characterization.—Two liters of the 
naphtha is fractionated in Stedman-packed columns (Fig. 2) (approximately 
equivalent to 50 theoretical plates) at a reflux ratio of 20:1, the distillate being 
collected in 1o-ml. portions. Throughout the distillation, the boil-up and product 
rates are maintained constant by automatic control devices," thus ensuring 
complete reproducibility of the operation. The physical constants of the so-ob- 
tained fractions are then determined by previously described methods, and these 
values plotted against the percentage of the naphtha distilled. The resulting 


1 A. R. Richards, Ind. Eng. Chem. (Anal. Ed.), Vol. 14 (1942), p. 649. 
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composite graph of the analysis has been designated the “characteristic graph” — 
of the crude oil under investigation. For application to problems of crude-oil 
correlation the characteristic graph must be reproducible for identical oils. Re- 
peated analysis of crude oils sampled and analyzed under standard conditions 
has proved that the characteristic graphs are reproducible under the conditions of 
analysis described. 

3. Supplementary analysis—A portion of the naphtha is fractionated in col- 
umns packed with 1 foot of 25-mm. Stedman packing, the distillate being col- 
lected in three fractions: (a) benzene cut, B.P. 60-90°C.; (b) toluene cut, B.P. 
go-120°C.; and (c) “xylene” cut, B.P. 120-145°C. 

The aromatic content of each of these fractions is then determined by the 
change in aniline point after sulphuric acid extraction under standard conditions. 
The values so obtained are used as the “benzene-toluene-xylene” (B.T.X.) ratio, 
to assist in the interpretation of the characteristic graphs. 

The primary fractionation requires about 16 hours, the secondary fractionation 
about 36 hours and the determination of the refractive indices, densities, aniline 
points, and dispersions before and after sulphuric acid extraction about 48 hours. 
To complete the analysis of one particular oil thus requires about 43 days. How- 
ever, analytical equipment is now available by which more than 100 crude oils 
can be handled with ease every month. Such rapid handling is only possible by the 
use of small charges for the stills, and this has necessitated the development of 
special analytical methods for determination of more than 30,000 physical con- 
stants each month on small naphtha samples.” The ultimate fractionation by the 
technique outlined is naturally not so great as that achieved by Rossini and his 
co-workers in their isolation of petroleum hydrocarbons from a bulked crude, but 
it is reproducible, rapid, and sufficiently precise to show the variations in crude 
oils from well to well. 


TRINIDAD CRUDE OILS 


Preliminary investigation of the crude oils of South Trinidad has shown that 
the naphthas from these oils can be classified into two basic types, the paraffine- 
aromatic type and the naphthenic type. The paraffine-aromatic type naphthz is 
identical with the type 1, class 2, naphtha identified by Fenske, and contains 
large amounts of normal paraffines and moderately large amounts of aromatic 
hydrocarbons. The naphthenic-type naphtha is characterized by almost complete 
absence of aromatic hydrocarbons and contains only traces of normal paraflines. 
Essentially the naphtha consists of derivatives of cyclohexane but also contains 
derivatives of cyclopentane and some branched-chain paraffines. During the de- 
velopment of the survey work it has been realized that these naphthas are charac- 
teristic of their parent crude oils, and that variations in the naphtha composition 
are related to variations in the type, history and, possibly, the origin of the crude 
oil. 


2 A. R, Richards, op. cit., p. 595. 
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The paraffine-aromatic type crude oil occurs in the Guayaguayare, Lizard 


’ Springs, Morne Diablo areas and in the middle Cruse sands of the Forest Reserve 


field. The oil is characterized by low crude-oil gravity, high-percentage light frac- 
tions and low-gravity residue. It is commonly waxy and contains only traces of 
asphaltic bodies. The characteristic graph of the naphtha from such a crude oil is 
given in Figure 4. The peaks in the physical constant curves will readily be iden- 
tified with benzene, toluene, and the xylenes, and the presence of n-hexane, 
n-heptane, and n-octane can be recognized by the flats occurring at the respec- 
tive boiling ranges. The crude oil is believed to be uniformly of Cretaceous origin 
and to have migrated into the younger beds in which it is now found. 

The naphthenic type crude oil occurs in South-West Trinidad in the Forest 
sands, the upper Cruse sands and the lower Cruse sands. The oil is characterized 
by low percentage of light fractions, the residues being of medium gravity and 
commonly asphaltic. The characteristic graph of a naphtha from this type of 
crude oil is given in Figure 5. Opinions differ as to the origin of the naphthenic 
crude oils. G. H. Scott'® has suggested that the oils are of Cretaceous origin, and 
that the differences in crude-oil chracteristics observed among the oils of the 
Forest and Cruse sands can be explained by migrational transformations. Other 
authorities“ consider the naphthenic oils to be indigenous to the shales underlying 
the producing sands. 

In order to assist the geologist in arriving at a definite solution of this problem 
a detailed survey of the crude oils of the Forest sands of the Bernstein field has 
been carried out. At the same time an opportunity was offered to demonstrate 
the utility of crude-oil analysis in studies of a geochemical nature. A brief résumé 
of the geological conditions is given in order that the nature of the problem may 
be fully appreciated. 


GEOLOGICAL CONDITIONS 


The Bernstein field is situated on the south flank of the elongate domal uplift 
of the Fyzabad anticline in southwestern Trinidad. The structural features are 
shown in Figure 3, a stratum-contour map drawn on the base of the upper Forest 
clay. The axial trend is N. 70° E., and the average dip of the flank is 35° S. There 
is an important strike fault, the “Bernstein Strike fault,” crossing the flank from 
east to west, and there are several dip faults, of which the “Well 199 fault” is the 
most important. 

The stratigraphy is summarized in the following table. 


Morne !’Enfer formation Mainly fresh-water sands 
Upper Forest clay 
Miocene Forest formation Forest sands Oil-bearing series 
Lower Forest clay 
Cruse formation Oil-bearing 


18 G, H. Scott in “The Time and Origin of Accumulation of Petroleum,” a symposium edited by 
F. M. Van Tuyl and B. H. Parker, Colorado School of Mines Quar., Vol. 36, No. 2 (April, 1941), 
p. 31 ele. 


4 V, C. Illing, private communication. 
See also V. C. Illing, H. G. Kugler, Science of Petroleum, Vol. I, pp. 106-08. 
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The entire series is Miocene in age, but owing to the scarcity of diagnostic 
mega- and micro-fossils, only local subdivisions can be given. 

The Morne |’Enfer formation, consisting mainly of sands which crop out in 
the greater part of the area, passes downward through silts to a well defined clay 
bed 80-150 feet in thickness (the upper Forest clay). The underlying Forest 
sands, from which the oils are produced, consists of a group of medium- to fine- 
grained sands interbedded with silt layers. They are subdivided into four distinct 
zones referred to as the “A,” “B,” “C,” and ““D” sands, respectively. The over-all 
thickness of the Forest sands member is approximately 1,000 feet, of which 70 per 
cent is sand. The “A,” “B,” and “C” sands are persistent and can be followed 
throughout the area, whereas the “‘D”’ sand is lenticular and erratic in occurrence. 

The producing sands occur at no great depth. The ‘“‘A” sand crops out in the 
crestal region, and the limiting downflank wells, governed by edge waters, have 
an average depth of 2,200 feet. Each sand zone has its own oil and water distribu- 
tion, and these are independent of one another, but the distribution has been 
modified to some extent by faults. 

Productive oil sands are present in the deeper Cruse formation, but these do 
not enter into the present discussion. 

While a few of the wells are producing from a single sand, the majority are 
producing from two or more sands together. This is a complicating factor which 
makes the interpretation of some of the results difficult. 


ANALYTICAL RESULTS 


Samples of crude oil were drawn from all the important producing wells in 
the area, and in certain cases repeat-samples were drawn at intervals over a period 
of one year. The analytical data on three such samples are represented in the 
characteristic graphs (Figs. 5-7). Complete data for all the wells examined can not 
be reported, but the supplementary analytical data are given in Table I for 70 
samples drawn from this area. 

Examination of the characteristic graphs obtained during the course of this 
work showed that the oils of this area could be classified into three groups. It is 
noteworthy that examples of these key types have been found in other areas 
which have been included in the well-to-well survey undertaken by the writer. 
These oils may be called, pending some systematized’ nomenclature, ‘the naph- 
thenic type, and the benzene and toluene oils, the latter being modifications of the 
naphthenic type. 

Naphthenic oil.—This oil is the characteristic naphthenic type oil already de- 
scribed and has been found in neighboring producing areas. It is characterized by 
an almost complete absence of benzene, toluene, and xylene (less than 0.1 per 
cent total aromatics in the material F.B.P. 145°C.). Thus, it is possible to recog- 
nize this oil by an examination of the characteristic graph alone. In general, the 
oil is of high asphaltene content. 

Benzene oil.—This type of oil has been found in other localities but is compara- 
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tively rare. It is easy to recognize in this area by the benzene content, which, al- 
though it rarely exceeds 0.5 per cent of the material F.B.P. 145°C., is greatly in 
excess of the benzene present in the other oils. Benzene can be regarded as a 
“marker” for this oil. As is typical with oils which show even a small proportion 
of aromatic material, the asphaltene content is low. 

Toluene oil.—This oil also contains, besides the exceptional and characteris- 
tically large amount of toluene when expressed as a percentage of the material 
F.B.P. 145°C., a fairly high content of mixed xylenes. The toluene: xylenes ratio 
does show a variation in the area but is in sufficient agreement to leave no doubt 
that the two compounds are characteristic of the same oil type. The asphaltene 
content of this oil is low. 

Following on from this primary classification of the oils, it is evident from the 
results of the supplementary analysis given in Table I, that there is considerable 
variation in the B.T.X. ratios, and hence in the concentration of these compon- 
ents themselves. The fact that these variations are significant becomes apparent 
when the areal distribution of the concentrations is investigated. When the con- 
centrations of toluene, xylene, and asphaltenes are plotted on a distribution map, 
it is found that the concentrations can be ‘“‘contoured” by following lines of equal 
values. 

The resulting distribution-contour maps are given in Figures 8, 9, and 10, 
which show a close agreement in form. 

It is realized that other contours are possible for each of the parameters in 
question but those reported agree best with each other. The basis of the argu- 
ment is, therefore, not that these three contour maps are correct but rather that 
of all the possible maps three can be drawn which are congruent. 

That the characteristic graphs prepared by the analysis of the naphtha frac- 
tion alone are representative of the whole crude is supported by this congruency 
since the asphaltene content is a characteristic of the residue. Since the contours 
show a continuous variation in the values of the parameters, it is reasonable to 
suppose that oils with intermediate values are produced by mixing of the extreme 
types. This is confirmed by the characteristic graphs which show a corresponding 
intermediate form. 

DISCUSSION OF ANALYTICAL EVIDENCE 

It is apparent from the contour maps that areas of high-toluene content occur 
in the southern part of the area, extending northward as a sharply defined “ridge.” 
Toward the west the toluene concentration decreases sharply, but toward the 
east the decrease is more gradual and the distribution irregular. The same gen- 
eralizations hold for the contour maps of the other parameters. 

In general, therefore, it appears that there is an incursion of toluene oil into 
the naphthenic oil along the lines of high-toluene concentration. There are sev- 
eral possible mechanisms whereby this effect could be produced. 

It might be caused (a) by the lateral migration of the toluene oil from the 
south, that is, mixing in the sands. 
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(b) If the toluene and naphthenic oils were each confined to some definite hori- 
zon, then variation of formation pressures along these horizons would result in 
variations in the amount drawn from each sand into the well. 

(c) Again, if the oils were confined to discrete horizons at substantially the 
same pressure, then mixing could occur by “contact” between the two horizons 
at various points (perhaps in the wells themselves). _ 

Variations and combinations of these mechanisms might also be expected. 

If (a) were the only explanation we should expect to find the contouring in- 
dependent of the producing sand—particularly in the case of those wells in which 
the geological evidence was fairly definite that the production was from one sand 
only. 

If (b) alone were true then wells producing from discrete sands should produce 
oil predominantly of one type. Packing-off or sanding-up of the wells in this area 
should give a change in the oil type. 

Under the conditions of (c), conditions characteristic of (b) should occur ex- 
cept in the neighborhood of ‘contacts’? when apparent anomalies should occur. 

If the experimental data of Table I are examined in the light of the foregoing 
discussion it is clear that the contours can in general be drawn independently of 
the sands, but the anomalies that do occur make it reasonably certain that the 
same conditions do not hold throughout the area. Particular attention is drawn to 
the block of wells producing from the “fA” sands in the northeast corner although 
the smoothness of the contours in general suggest type (a) mixing. On the other 
hand, there is a large discrepancy in repeat analyses of the crude oils of wells 
256b, 259, 175, 253, et cetera. A possible explanation may lie in the well becoming 
sanded up, the lower sand being shut off as production proceeds. This is the most 
probable explanation for the behavior noted in the case of well 260 which was 
reported sanded up between the taking of the samples. This suggests that the 
naphthenic oil occurs in Sand A and the toluene oil in Sand B. 

It is possible, therefore, that the incursion of toluene oil from the south took 
place originally by way of the “B” sand and as the oil progressed northward 
numerous “contacts” enabled the oils to mix within each sand. The increasing 
aromaticity of the oil of well 253 with time may be due to such a diffusion from 
Sand B to Sand A in a westerly direction from the high-toluene area. This sugges- 
tion is supported by a consideration of the areas showing anomalous contours, 
most noticeable in the southwestern and southern part of the area under discus- 
sion. The higher asphaltene content of the oils of the south and southeastern re- 
gion when compared with other toluene oils is, perhaps, due to an increase in the 
asphaltene content in the naphthenic oils of Sand A in those areas. 

Careful study of the distribution of benzene in the oils shows that it is also pos- 
sible to draw a contour map for sands A, B, and C which approximates those 
given for toluene, xylene, and the asphaltenes. Sand D introduces anomalies in 
this pattern but the benzene concentrations are so low that no great reliance can 
be placed in the figures. 
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The distribution of light materials boiling below 145°C. also roughly conforms 
with the distribution of the other parameters, a high percentage of light material 
being associated with the toluene oil. This parameter has, however, not been 
contoured since manipulation loss of very light ends may occur in certain analyses 
and an incorrect picture might result. The contours which apply to the aromatic 
material present in the crude are for the percentage of toluene or xylene in ma- 
terial F.B.P. 145°C. Similar contours can be drawn when the aromatic material 
is expressed as a percentage of the crudes or as a percentage of the cut in which 
the material occurs. It appears, therefore, that the deficiency of light fractions 
associated with the naphthenic type of oil is a real characteristic of the oil and is 
not the result of a material loss through inspissation. 

Anomalies.—Within the limits of accuracy of the determination there are no 
serious anomalies in the correlation between contours and data for the asphaltene 
contents. Certain similarities may be noticed in the anomalies for xylene and 
toluene contours. In the first place there is a rapid fall in the concentrations of 
both these hydrocarbons in the oil produced from well 162 which produces from 
the “‘C”’ sand; a lesser and a slower decline was observed in the aromatic content 
of the oil from well 233. A similar change in the oil from well 256b has already 
been explained by sanding-up. The apparently low aromatic concentrations in the 
oils of wells 174, 191, and 200 may be due to incorrect contouring or to anomalies 
in sands C and D. The low xylene figure of the oil of well 257 is less easy to explain 
than the increase in toluene concentration in the oil of well 253. 

Outlying wells Samples have been obtained from wells east of the area under 
investigation along the boundary of the lease. The group of wells occurring where 
the Bernstein Strike fault crosses the boundary produce an oil closely related to 
the main Forest sand production, wells 313, 320, 321, and 361 yielding typical 
naphthenic oils. The asphaltene content of these oils is, however, lower than is 
common for this type of oil. Well 330 produces a mixed naphthene: toluene oil. 

Farther north along the boundary the two wells 225 and 227b have been 
analyzed. The former is closely related to 200c, and since 225 produces from the 
“1D” sand only, this may be adduced as further evidence supporting the associa- 
tion of Sand D with a benzene oil. 

Conclusions from chemical evidence.—Since the present investigation was un- 
dertaken to illustrate the applicability of detailed crude-oil analysis to geological 
studies of producing areas, the following conclusions, based on the chemical evi- 
dence alone, are given as they occurred in the actual investigation and are fol- 
lowed by conclusions based on geological as well as chemical evidence. 

The general picture which emerges from this discussion is that in the neigh- 
borhood of the Bernstein Strike fault the naphthenic oil is confined to the “A” 
sand and the toluene oil to the “B” sand. It appears that the two sands are less 
distinct on the north and that they are in general occupied by naphthenic oil. 
The toluene oil enters by the “‘B” sand in the south and diffuses northward and 
possibly upward, along lines of least resistance. Overlying this in situ variation 
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there is the added problem of the well becoming sanded up, producing rapid 
changes in regions where the oils and the sands are distinct. A rapid change, due 
to this factor, is an indication of discrete oils and sands. The oil occupying the 
“C” sand is not clearly defined. In those wells examined in which the “‘C” sand 
is tapped it can be concluded only that there must be fairly close contact with the 
overlying sands. 

The association of the benzene oils with the ““D” sand has already been re- 
marked. It appears that this sand is reasonably well separated from the other 
sands and occupied by its own class of oil. 

It also appears that sands A and D, at least, are not in effective contact with 
the Bernstein Strike fault, and that the Well 199 fault acts as a feeder on its 
west side and a barrier on the east as far as well 151 to all three top sands. The 
peculiar fingers of the northeastern area were only drawn after much hesitation— 
the possibility of drawing similar contours for the three parameters being the 
final deciding factor. That there must be an exceedingly complicated series of 
“contacts,” faults, and possibly mixing within the wells is obvious. 

The chemical analysis of the oils thus indicates the following possibilities: 
(a) the “contacts” between sands A and B (and possibly C), (b) the separation 
of sands A and B in the south, (c) the separation of Sand D over the whole area, 
(d) the broken structure in the northeast, (e) the contact of Sand B with the 
Bernstein Strike fault and the blocking of this fault from sands A and D, (f) the 
feeding-impeding nature of the Well 199 fault, (g) the termination of the Well 
199 fault near well 151, (h) the possible connection of the toluene oils with both 
the Bernstein Strike fault in this area and farther west, (i) the localized nature of 
the toluene source, and (j) the rarity, or lack, of production from the ““D” sand. 

Comparison of chemical and geological evidence.—When the chemical data are 
considered in relation to the structure and geologic features of the area, a very 
close correlation is found, and the conclusions drawn from these two fields of 
investigation substantiate one another in a striking manner. The réle of the faults 
in modifying the distribution of oil in the reservoir rocks is particularly well dis- 
played. The Well 199 fault, which traverses the central part of the area, is very im- 
portant in this connection, and onthe contour maps of the chemical parameters 
it shows as a well marked line of convergence of the contours. This is clearly 
shown in the case of the toluene distribution, where it separates areas of low- and 
high-toluene concentrations. The general increase in toluene content along the 
line of the Bernstein Strike fault suggests that this is the feeder fault. 

By superimposing a generalized map of the distribution of the toluene con- 
centrations onto the stratum-contour map (Fig. 11), further conclusions can be 
drawn. It appears that the toluene oil has invaded the Forest sands, and that the 
main channel of incursion has been along the intersection of the Bernstein Strike 
fault and the Well 199 fault. The toluene oil then spread northward updip along 
the eastern side of the Well 199 fault, and then eastward across the fault block 
and along the south side of the Bernstein Strike fault, where the highest toluene 
concentrations are recorded. The minor dip faults are responsible for the irregu- 
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lar distribution in the northeastern part of the area, and the peculiarities of the 
chemical parameter contours are readily explained. The Well 199 fault can not 
be traced north of well 151; hence, the toluene oil has been able to spread across 
to the west side of the fault at this point. 

A consideration of the oil and water distribution has shown that the Well 199 
fault and the Bernstein Strike fault have probably acted as barriers to fluid move- 
ment. In the case of the former, the edgewater lines for the Forest sands lie con- 
siderably farther south on the west side of the fault. The latter fault has acted 
at least as a partial barrier, since in the “A” sand the edgewater line in the cen- 
tral block lies north of the fault, and there is a narrow belt of oil-bearing ‘‘A”’ 
sand south of the fault. Moreover, in a neighboring area at the west, the west- 
ward extension of the fault has been proved to be a barrier at deeper horizons. 
The chemical evidence points to the same conclusions. 

The geological evidence, and the fluid distribution, both indicate that the 
four sand members of the Forest sands are distinct and separate from one another 
in the greater part of the area. The merging of sand members can not be proved; 
there is some evidence that the “‘A” and ‘“‘B” sands tend to merge in the northern 
part of the area, but this has not necessarily played any appreciable part in the 
distribution of the toluene oils. The “A’’, “B,” and “‘C” sands are widespread 
deposits which can be traced throughout the area, and all three sands are in con- 
tact with the Bernstein Strike fault. The ““D” sand is more lenticular and dis- 
continuous, and this explains the fact that the ‘““D” sand oils form a distinct class 
of their own. However, it should be noted that less than half the number of wells 
have been drilled deep enough to penetrate this zone, and if it were found in 
contact with the Bernstein Strike fault toluene enrichment might be expected. 

The bulk of the evidence points to the conclusion that the toluene oil has mi- 
grated mainly along the “‘B” sand, and to a lesser extent along the “‘C’’ sand, both 
of which are in contact wiih the postulated feeder fault. The fact that the “A” 
sand in contact with this fault is water-bearing in the central block accounts for 
the failure of the toluene oil to enter that sand zone. Similarly in the case of the 
“D” sand lenticularity has been the controlling factor. 

To conclude, it appears that the primary impregnation of the Forest “A”, 
“B,” and “‘C” sands was with an oil of naphthenic character. The lenticular “D” 
shows a different type of oil, the benzene type, and this may be indigenous to the 
underlying shales. At some later period a toluene-rich oil, rising along the inter- 
section of two major faults, invaded the contiguous Forest “‘B” and “‘C”’ sands, 
apparently moving preferentially along the ‘““B” sand, and mixing with the naph- 
thenic oils in the sands. North of the Bernstein Strike fault the incursion of the 
toluene oil is practically confined to the east side of the Well 199 fault, which 
acted as a barrier to fluid movement toward the west. At the south, the toluene 
oil moved laterally along Bernstein Strike fault plane, but the maximum con- 
centrations are recorded around the intersection of the two faults, diminishing 
both east and west of that point. 
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GENERAL CONCLUSIONS 


A critical examination of the evidence presented reveals that the variations 
in the characteristics of thé crude oils of the Forest sands must be ascribed to the 
mixing of two types of oil and can not be explained on the basis of the transforma- 
tional migration of a single oil. The naphthenic type'oil is probably indigenous to 
the underlying shales and minor variations in this type of oil may be due to en- 
vironment. The major variations in the character of the oils are, however, due to 
the incursion of varying amounts of a paraffine-aromatic type of oil, the migrat- 
ing oil being probably the paraffine-aromatic type oil found elsewhere in Trinidad. 
The origin of the migrating oil is not yet established but it appears by comparison 
with other areas of South Trinidad and Eastern Venezuela in which this type of 
oil occurs that it is of Cretaceous origin. If this is the case, a vertical migration, 
presumably up faults, must be postulated to explain the presence of a Cretaceous 
oil in the Miocene beds of the Forest sands. Investigation of the origin of Trinidad 
oils is being continued. ‘ 
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GEOLOGICAL NOTES 


WILLISTON BASIN WILDCAT TEST, 
OLIVER COUNTY, NORTH DAKOTA! 


ALLEN EHLERS? 
Seminole, Oklahoma 


The recently completed Carter Oil Company’s Emma L. Semling No. 1, center of 
SE. 3, SE. 3 of Sec. 18, T. 141 N., R. 81 W., North Dakota, supplied valuable stratigraphic 
information on the Williston basin area. This test was drilled approximately 25 miles 
northwest of Bismarck, the State capital. Rotary-drilling operations commenced, June 8, 
1942, and drilling was completed in pre-Cambrian amphibolite at the total depth of 8,850 
feet on August 26, 1942. No oil or gas showings were encountered. The hole was plugged 
and abandoned, September 7, 1942. 

Prior to the drilling of this test little was known concerning the subsurface stratigraphy 
because only a few tests had been drilled. Consequently, more cores were taken during 
this test than would be necessary in an area of known stratigraphy. Cores were taken 
when strata of unknown formations or rocks of different major systems were encountered. 
This was done with the hope of recovering identifiable fossils which would establish or 
confirm age relationships. Although most fossil specimens recovered were too poorly pre- 
served to be positively identified other than generic determination, several cores obtained 
at critical places in the section contained determinable fossils for correlation. Wire-line 
coring equipment was used. 

Drilling started from a ground elevation of 2,025 feet, in strata of the Fort Union for- 
mation of Tertiary age. Rocks of Tertiary, Cretaceous, Jurassic, Triassic, Mississippian, 
Devonian, Ordovician, and pre-Cambrian age were encountered. The following generalized 
formation descriptions are based on the writer’s microscopic examination of flow cuttings 
and cores. Both lithologic and faunal evidence were used in the stratigraphic subdivision. 
All depths were measured from top of the rotary-drive bushing at an elevation of 2,034 
feet above sea-level. 


Depth 


in Feet 
TERTIARY 


0-650 FORT UNION FORMATION 
Tongue River—soft greenish gray sandy marine shale, fine-grained, angular, argil- 
laceous sandstone, and lignite 
Cannonball—soft, gray, sandy shale with thin beds of argillaceous sandstone and 


shaly limestone, marine gastropod and pelecypod fragments 
Ludlow—7o feet of very sandy gray shale and a 20-foot basal lignite bed are be- 


lieved to represent this non-marine member 


CRETACEOUS 
-915 CREEK FORMATION 
Fine-grained, argillaceous, gray sandstone, containing thin beds of very angular, 
coarse-grained sand, soft, gray, sandy, bentonitic gray shale, some green shale, and lig- 
nite 
-1,090 FOX HILLS FORMATION 
Interbedded, greenish gray marine shale and fine-grained green pyritic sandstone, 
some gray to white glauconitic, calcareous sandstone at top 


1 Manuscript received, July 7, 1943. 
2 The Carter Oil Company. The writer wishes to acknowledge the permission of The Carter Oil 
Company to publish this material. i 
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Depth 
in Feet 


2,290 


—2,490 


-2,690 
31533 


-3,615 
-3,650 


—4, 380 


—4,606 


—4,685 


603 


—6, 360 
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PIERRE FORMATION 

Finely micaceous and bentonitic soft gray shale, abundant siderite and pyrite; ma- 
rine pelecypod and plant remains 
NIOBRARA FORMATION 

Medium to dark gray, calcareous shale, containing numerous yellow and white chalk 
inclusions 
CARLILE. FORMATION 

Slightly sandy, soft, medium gray shale 
GRANEROS FORMATION 

Belle Fourche—soft medium to dark gray shale; difficult to identify because of ab- 
sence of Greenhorn limestone and very little lithological change from overlying Carlile; 
top placed at base of hematite concretion zone 

Mowry—dark gray to light black carbonaceous shale; three limestone beds at top 
distinctive because of “needle-like” structure of calcium carbonate rods 

Newcastle, or Muddy—fine-grained white siltstone 

Skull Creek—black-speckled, dark gray to black shale, disseminated, varicolored 
shale, hematite concretions, and small fine sandstone concretions 
DAKOTA FORMATION 

Coarse-grained, subround to round, clear and frosted quartz sand with some pyrite 
FUSON FORMATION 

Dark gray shale, partly micaceous, and containing thin glauconitic green shale 
partings 
LAKOTA FORMATION 

Coarse-grained, subround to round, clear to frosted quartz sand, small amounts of 
very pyritic medium-grained, subangular, white calcareous sandstone 


Jurassic 
MORRISON FORMATION 

Dark gray terrestrial shale, small amounts of green shale and sandy gray shale 
SUNDANCE FORMATION 

Upper two-thirds green and greenish gray sandy shale, containing thin beds of very 
fine-grained, gray and green, argillacecus sandstone and some red and black shale; lower 
third a series of earthy, buff to white, calcareous dolomite and dolomitic limestone, inter- 
bedded with red and green shale; one poorly preserved pel 


TRIASSIC 
SPEARFISH FORMATION 
Contact of Spearfish and overlying Sundance difficult to determine because of grada- 
tional nature; criteria for major unconformity could not be found by sample examina- 
tion; four possible contacts may be picked; however, 4,380 feet was selected as top; 
upper two-thirds, fine-grained, bright red, gypsiferous and dolomitic sandstone; lower 
third, series of red, purple, green, gray, and black shales and sandy anhydrite 


MiIssIssIpPIAN 

finel lline, flak lish dol la 

ee units—upper, finely crystalline, y, purplish dolomite, containing plant 
remains and one conodont; middle, splintery green shale; lower, gypsiferous dolomite 
and fine dolomitic sandstone 
BIG SNOWY GROUP 
4,685-4,830 Heath—carbonaceous black shale, some gray to green shale and thin beds 
of dolomite; Orbiculoidea sp. and conodonts 
4,830-4,935 Otter formation—red, purple, orange, yellow, green, buff, and gray shale; 
small amounts of anhydrite 
4,935-5,050 Kibbey formation—varicolored shale, like Otter; considerable fine gray 
argillaceous sandstone, increasing near base , 
5,050-5,603 Charles—series of buff to brown, granular and finely crystalline, sandy 
and dolomitic limestone, interbedded with granular to dense, dark gray and white an- 
hydrite, varicolored shale in upper part; ostracods, crinoid stems and spicules 
MADISON GROUP = 
5,603-5,727 Mission Canyon—granular and odlitic buff limestone, containing two 
thin dolomitic siltstones at top, Spirifer and Schuchertella sp., crinoids, and cup coral 
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Depth 
in Feet 


-6, 390 


-6,465 


6,645 
6,861 


—7,479 


-8,310 


-8 ,831 


-8,850 
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5,727-6,360 Lodgepole formation—upper half, granular to finely crystalline, flaky, 
partly odlitic, light gray, crinoidal limestone; lower half, dense to finely crystalline, gray 
to buff, dolomitic, crinoidal limestone with chert-like appearance, some shaly limestone 
and = gray to black shale in basal part; Spirifer, Athyris, Schuchertella sp., and 
spicules 
ENGLEWOOD FORMATION 

Top, thin, fissile, black carbonaceous shale; middle, gray silty and dolomitic lime- 
stone, gray shale, and calcareous siltstone; basal, black carbonaceous shale 


DEVONIAN 


FORMATION 

Calcareous earthy red shales containing thin beds of granular buff dolomite and an- 
hydrite; one Rhynchonellid brachiopod 
MANITOBA FORMATION 

Granular, buff limestone containing thin beds of dolomite and anhydrite 
WINNIPEGOSAN FORMATION 

Granular, dense and crystalline, gray and brown limestone and dolomite; trace of 
included anhydrite, 45 feet of extremely porous crystalline, brown dolomite at top 


ORDOVICIAN 


STONY MOUNTAIN-BIGHORN FORMATION 
6,861-7,012 Unit 1—dense to finely crystalline, buff to light brown dolomitic lime- 
stone; some maroon, green and black variegated limestone and shale and slightly 
odlitic white limestone at top; very coarse, clear and frosted, round sand at base 
7,012-7,181 Unit 2—interbedded granular to earthy, buff to white, sandy dolomite 
and granular to finely crystalline gray to brown sandy dolomitic limestone; some maroon 
and green shale; some very fine, dolomitic sandstone in lower part; small amounts of very 
coarse, clear, round sand throughout unit, increasing toward base 
7,181-7,479 Unit 3—granular to sucrosic and finely to coarsely crystalline white 
dolomite; some red, purple and green shale in lower part; coarse, clear, round sand and 
fine white sandstone at base 
RED RIVER-WHITEWOOD FORMATION 
7,479-7,660 Unit 1—upper part, dense to finely crystalline, gray and tan dolomitic 
limestone and massive, fine-grained, light gray sandstone; lower part, slightly sandy, 
dense to finely crystalline, gray limestone, containing small amounts of gray and green 
shale at base; Rafinesquina antl Platystrophia sp., bryozoans 
7,660-7,758 Unit 2—buff, tan and brown, dense, granular and crystalline, dolomitic 
— sandy limestone; some dense to granular, brown and white anhydrite and green 
shale 
7,758-7,850 Unit 3—massive, soft, finely granular to earthy, silty, dolomite 
7,850-8,310 Unit 4—finely crystalline and granular, buff limestone, containing cal- 
careous, green shale partings; soft, porous, sucrosic, buff and brown limestone in upper 
part; one Rafinesquina aff. R. alternata, Plectambonites and Camarotoechia sp., and 
crinoids 
WINNIPEG FORMATION 

Upper part smooth, splintery, green shale, with sandy streaks, and containing beds 
of orange-brown and black shale, thin bed of very coarse-grained, slightly conglomeratic, 
clear, round sandstone at base; middle part, interbedded green shale and very glau- 
conitic, thin-bedded, finely crystalline, light gray to white, sandy limestone, thin beds of 
fine- to medium-grained gray and white, calcareous sandstone and poorly cemented 
coarse, clear, round sand, slightly conglomeratic sandstone at base; lower part, sandy, 
green shale, containing beds of very glauconitic subangular to subround medium-grained, 
white sandstone, thin sandy glauconitic limestone, overlying 13 feet of coarse-grained 
conglomeratic, subround, gray sandstone, which represents base of Paleozoic and un- 
conformably overlies pre-Cambrian 


PRE-CAMBRIAN 
Amphibolite. Total depth 
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All formation tops have been carefully corrected according to sample return lag. This 
was done by timing the circulation of grain in the mud system and keeping a close check on 
pump pressure. Sample lag was more accurately determined by timing sample return 
where a distinct drilling and formation change occurred. 

Because of little subsurface stratigraphic control near the Semling No. 1 and the re- 
sulting extremely wildcat nature of the test, there will undoubtedly be some disagreement 
with the writer’s determinations. For this reason, the more controversial parts of the sec- 
tion are briefly discussed. 

The geologic age of beds immediately underlying the Triassic Spearfish formation is 
perhaps more controversial than any other part of the section. The writer disagrees with 
Norval Ballard® who states that approximately 625 feet of Pennyslvanian Minnelusa 
formation, including 180 feet of porous, medium to coarse sand occurs in the Semling 
test. Careful, frequent examination of cuttings by the writer during actual drilling of the 
test did not reveal the 180 feet of sand and electrical logging devices failed to reveal a 
sand section underlying the Spearfish. It is the writer’s opinion that the dolomite, green 
shale, and gypsiferous dolomite and thin, fine dolomitic sandstone section from 4,606 to 
4,685 feet represents the Mississippian Amsden formation. One conodont was found in a 
core taken 5 feet below the base of the Spearfish. A core from 4,683 to 4,693 feet showed the 
Amsden-Heath contact. Additional conodonts were recovered in the Heath portion of this 
core. C. R. Stauffer* kindly consented to examine the conodonts, and has the following to 
say regarding these Amsden and Heath specimens. 

I would say they are very definitely Paleozoic, certainly Carboniferous, and may very well be 
Upper Mississippian in age. They certainly suggest the Mississippian forms that I have seen, and 
several of the forms could easily be identified with Mississippian species. 


Stauffer’s identification, although not conclusive, certainly substantiates the writer’s 
lithologic correlation of these strata as Amsden. In conflicting statements, Ballard® states 
that in the Semling test the Sundance overlies both the Triassic Spearfish formation and 
Permian Opeche strata. 

Sediments distinctly different lithologically from the overlying Mississippian Kibbey 
formation and underlying Madison group are present from 5,050 to 5,603 feet. They are 
described in the foregoing formation classification. The lithologic character and strati- 
graphic position of these strata indicate that they belong to the Charles formation of 
Montana and North Dakota. The name Charles was recently justifiably proposed by 
Seager.* The persistence of this carbonate-evaporite unit in the Williston basin area, and 
the distinct lithological differentiation from overlying Kibbey beds and underlying Madi- 
son strata may indicate that the Charles will eventually became a valuable subsurface 
marker. 

The writer believes beds encountered from 6,360 to 6,390 feet are the eastern correla- 
tive of the Englewood formation of Kinderhook age. The unit consists of two thin fissile, 
black, carbonaceous shales separated by gray dolomitic limestone, gray shale, and calcare- 
ous siltstone. Coarse, round sand grains are found in the lower black shale overlying 
Devonian strata. 


3 Norval Ballard, ‘Regional Geology of Dakota Basin,” Bull. Amer. Assoc. Petrol. Geol., Vol. 26, 
No. 10 (October, 1942), p. 1564. 
4C. R. Stauffer, University of Minnesota, Minneapo'is, Mirmesota, personal communication, 
July, 1942. 
5 Norval Ballard, op. cit., pp. 1572 and 1581. 
O. A. Seager, “Test on Cedar Creek Anticline, Southeastern Montana,” Bull. Amer. Assoc. 
Pia. Geol., Vol. 26, No. 5 (May, 1942), p. 864. 
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Four hundred seventy-one feet of Devonian sediments were penetrated in this test. 
These strata are correlative with surface and subsurface units of the Devonian in the Lake 
Winnipeg area of Manitoba. The Devonian units as defirfed in the Semling No. 1 are, in 
general, similar in thickness and lithologic character to the Manitoba section, and the 
Canadian formation names have been assigned by the writer to these units. In descending 
order they are the Amaranth, Manitoban, and Winnipegosan. The basal Devonian Elm 
Point formation of the Lake Winnipeg area could not be recognized in samples. No Silurian 
sediments were present. 

A much thicker Ordovician section was encountered than was anticipated. A total of 
1,970 feet of Ordovician strata was encountered from 6,861 to 8,831 feet. No evidence was 
found for an unconformable Devonian-Ordovician contact. The section from 6,861 to 
7,479 feet is correlative with exposures of the Stony Mountain formation of Manitoba and 
the Bighorn of Montana. Therefore, the name Stony Mountain-Bighorn formation is 
tentatively assigned to this section. The upper two Ordovician formations penetrated in 
this test can be subdivided into several lithologic units. Such a classification is a con- 
venience in discussion. It is the writer’s opinion that these units will be valuable in the 
subsurface correlation of future tests. It is possible that some of them will be found to be 
good regional stratigraphic markers. If this is proved correct, these units may justifiably be 
given member names. Three units comprise the Stony Mountain-Bighorn. This formation 
can be correlated fairly well with The Carter Oil Company’s Northern Pacific No. 1, 
center of SW. 4, SE. 3 of Sec. 19, T. 4 N., R. 62 E., southeastern Montana. However, lime- 
stone Unit No. 1 is either absent in Northern Pacific No. 1, or has undergone a lateral 
lithologic change westward so that it is not recognized in the Montana area. Possibly this 
unit is actually the Stony Mountain, and dolomite Units 2 and 3 are exclusively the eastern 
representatives of the Bighorn. If this is true, the Stony Mountain would actually be 
younger in age rather than equivalent to the Bighorn. Neither supporting nor disproving 
evidence is available at the present time. 

Four rock units comprise the section from 7,479 to 8,310 feet. Lithologic and faunal 
evidence and stratigraphic position indicate that they are correlative with the Red River 
formation of Manitoba and the Whitewood of Black Hills and Wyoming. The name Red 
River-Whitewood is assigned to this section. These four units may be correlated with The 
Carter Oil Company’s Northern Pacific No. 1. The sandstone body in Unit No. 1 is repre- 
sented in Northern Pacific No. 1 as a green shale section. Unit No. 2 is particularly interest- 
ing because it contains considerable dense to granular brown and white anhydrite. To the 
writer’s knowledge, this is the first known occurrence of anhydrite in rocks of Ordovician 
age. 


ORIGIN OF RADIOLARITES, AND FRACTURING OF “FRACTURED SHALE” 
IN SANTA MARIA BASIN, CALIFORNIA! 


GERARD HENNY? 
Los Angeles, California 


Radiolarites.—The writer has had occasion to study deposits of radiolarites in different 
parts of the world. He observed them along the south border of the Alps in the “zone du 


1 Manuscript received, October 26, 1943. 


* Consulting geologist. Present address: Army and Navy Y.M.C.A., 921 Beacon Street, San 
Pedro, California. 
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Canavése,’* in the Dutch East Indies on the Island of Boeroe, one of the Moluccan 
Islands,‘ and in California where they are found in the Franciscan formation. 

Radiolarites, sometimes called phtanites, consist of a chert containing radiolaria. The 
glossary, published by the United States Bureau of Mines, gives the following definition 
of ‘chert.’ 

Chert. A compact, siliceous rock formed of chalcedonic or opaline silica, one or both, and of organic 
or precipitated origin. Chert occurs distributed through limestone, affording cherty limestones. Flint 
is a variety of chert. 


It is the writer’s contention that the radiolarites observed by him are not original de- 
posits, but are a secondary product formed, after the deposition of the original rocks, by 
circulating ground waters. 

A recent article by W. G. Woolnough® brought this matter again to the attention of the 
writer. The title of his paper indicates that the keen mind of this Australian geologist has 
understood the difficulty of the problem. In fact, radiolarites observed in Boeroe by the 
writer are not abyssal at all: they originate from near-shore deposits. 

Woolnough points out how the radiolarites of the Dutch East Indies are found near 
and also in conjunction with coarse-grained clastic sediments and he quotes Rutten on 
page 781 as follows. 

On the other hand the constantly repeated alternation of radiolarites with quite coarse grained 
clastic sediments argues against deep sea deposition. 


On Boeroe the radiolarites are probably Jurassic in age. They are stratigraphically 
directly above the Fogi beds, described by Lothar Krumbeck’ as Triassic in age. 

These radiolarites are commohly found in thin layers between globigerine limestones 
and in apparent cracks in these limestones. At one particular locality, the globigerine 
limestones and radiolarites change laterally in only a few hundred yards into gravels, 
conglomerates, and coarse sandstones. The limestones and cherts near this change of 
facies contain many bivalves and belemnites. In many places the curved shells of the bi- 
valves form a contact between the limestone and the chert and one may find belemnites 
penetrating partly through the limestone as well as through the chert. This proves plainly 
that the chert replaces the limestone by the action of waters circulating through the forma- 
tion. Commonly a shell of a bivalve forms an obstacle to the circulating water and thus 
forms a curved contact between the limestone and the chert. 

Woolnough states in his paper, previously mentioned, page 778: 


The dominating facies is most fully described in the account given of the “facies” of the Donau 
formation of Borneo, named and described first by Molengraaff. This formation consists largely of 


3 Maurice Lugeon et Gerhard Henny, “Sur la zone du Canavése et la limite méridionale des 
Alpes,” Comptes Rendus del’ Académie des Sciences, t.160, p. 321 (Séance du 8 Mars, 1915). 

Gerhard Henny, “Sur la zone du Canavése et la limite Alpino-Dinarique,” Bulletin des laboratoires 
de Géologie, Géographie, Physique, etc., Bull. 24 (Lausanne, 1918). 

4 Gerhard Henny, “Eerste verslagen der Boeroe Expeditie,” Maatschappij ter bevordering van 
het Natuurkundig Onderzoek der Nederlandsche Kolonién, Bull. 78. 

5 Albert H. Fay, “‘A Glossary of the Mining and Mineral Industry,” U. S. Bur. Mines Bull. 95 
(Washington, 1920). 

6 W. G. Woolnough, “Geologic Extrapolation and Pseud-Abyssal Sediments,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 26, No. 5 (May, 1942). 

7 Lothar Krumbeck; “Obere Trias von Buru und Misol,” Palaeontographica, Supplement IV, 
“Beitrige zur Geologie von Niederlindisch-Indien,” von Georg Boehm, II Abteilung, 1 Abschnitt 
(Stuttgart, 1913). 
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siliceous rocks of various kinds associated with very abundant basic and ultra-basic igneous rocks, 
many of which are tuffaceous. Hinde has described a very se radiolarian fauna from the siliceous 
rocks and from the diabase tuffs. 


Also on the same page: 


Rutten cites the existence of “radiolarites” in many of the islands of the Archipelago, notably in 
Borneo, and in the islands of the “Outer Banda Arc” including Rotti, Timor, Letti, Ceram, and a 
number of smaller islands. Throughout the whole of this very considerable range of distribution there 
is a remarkable constancy in facies and in association of these rocks. 


Two important points are contained in these quotations. 

1. The radiolarites are associated everywhere with an abundance of basic igneous 
rocks (this is also the case with the radiolarites of the Franciscan in California and those of 
the ‘zone du Canavése”’ in the Alps). 

2. Everywhere the radiolarites are similar in their appearance and in their associations. 

It is easy to understand that ground waters in contact with these basic rocks will be 
saturated with silica by the higher temperatures prevailing during the time of the crystal- 
lization of the basic magmas. These waters did not contain lime. During the time they cir- 
culated through the globigerine limestones part of these limestones went into solution 
while the silica in the water replaced them in the form of chert. The globigerine limestones 
contain also radiolaria. During the period of metasomatism by the circulating waters the 
limestone shells of the foraminifera went into solution while the radiolaria with their silica 
shell remained in the chert which replaces the limestone. This in the writer’s opinion is the 
only explanation consistent with the observed facts. Point 2, mentioned in the previous 
paragraph, makes one suspect that most of the radiolarites found in different parts of the 
earth are not necessarily abyssal, but are of a secondary origin and a product of meta- 
somatism. 

“Fractured shale.’”,—Recently, while making a geologic study in the Santa Maria 
basin, Santa Barbara County, California, the writer was anxious to explain the origin of 
the “fractured shale”’ or “‘chert” in the Miocene shale in the oil fields near Santa Maria. 
It is difficult to explain by mechanical stress only the fracturing of this shale, which pro- 
duces most of the oil in the principal oil fields of this district. In the Santa Maria Valley 
field the shale beds lie undisturbed over long distances, with only here and there a fault. The 
fracturing of the shale could not be explained by folding or faulting. It is known that in 
the Santa Maria district there is a thick series of flows and tuffs interbedded with the Mio- 
cene near the base of the Monterey.® In the immediate vicinity of the Santa Maria basin, 
volcanic rocks form an important constituent of the middle and upper Miocene along 
the axis of the San Rafael uplift. There are a few basic lava flows in the middle Miocene 
near Santa Ynez and there is a widespread bentonite at the base of the middle Miocene 
nearly everywhere in the Santa Maria district. This proves that volcanic action took place 
during the time of deposit of the upper and middle Miocene shales of which the fractured 
shale forms a part. The fractured shale contains thick competent beds of a calcareous or 
dolomitic sandstone called “shells” by the oil-well drillers in the district. The shale be- 
tween these beds contains chert,is commonly crumpled, and shows secondary folding. Most 
of the chert of these shales is entirely barren of foraminifers, but it contains abundant 
siliceous micro-organisms in the form of diatoms and in some places sponge spicules. Here 
again, as was the case during the formation of the radiolarites, there was volcanic activity 
during the deposition of the Monterey shale and one may expect the ground waters, cir- 
culating through the shale, to contain much silica and little lime. During the process of the 
circulation of the ground waters much of the lime, contained in the shale, went into solu- 
tion and was replaced by a smaller quantity of chert. In other words, the lime in the shales 


8 R. D. Reed, Geology of California, Amer. Assoc. Petrol. Geol. (1933). 
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went into solution faster than the silicates in the water were deposited in the form of chert. 
It is evident, in this case, that the volume of the shale decreased, that cavities were 
formed, and that the shale started to crumple and fold, leaving much porous space. This is 
how the shale became a good reservoir rock for oil. During this process the foraminifers 
with their lime shell in contact with the water were leached out of the shale and the chert 
replacing the lime in the shales contains only diatoms. 

High-silica waters—Regarding the origin of waters having a high- silica content, 
Bastin® points out that ores commonly occur in limestones immediately in contact with 
igneous rocks. He writes then: 

Although the limestone away from the igneous contact is commonly nearly pure calcium car- 
bonate, the contact zone contains not only calcium carbonate but also calcium silicates in the form 
of a variety of minerals of which garnet is one of the commonest. It is evident that silica has in some 
way been carried out of the igneous rock shortly after its intrusion and crystallization and has reacted 
with the calcium carbonate of the limestone to form calcium silicates. At the same time compounds of 
the metals, principally with sulphur, were introduced. 


Farther on he writes: 


Inevitably there will be situations in which limestone occurs at a considerable distance from an 
igneous intrusion yet still within reach of the mineralizing solutions. Under such circumstances the 
mineralizing solutions deposit ores in the limestone but the reaction differs from that characteristic 
of “contact deposits.” The silica of the metal-bearing solutions instead of combining with the lime 
of the limestones to form lime silicates is deposited in the limestone as silica in the form of quartz, 
the calcite of the limestone being at the same time dissolved. This is a lower temperature type of re- 
action than that characteristic of the contact deposits. 


He ends his article with the following words. 

It has been suggested that such compounds as SiHy, SiF, and H,SiFs, as well as compounds of 
silicon and sulphur, may be important components at high temperatures of the solutions given off by 
crystallizing magmas. 


We learn from Bastin’s paper that two phases can be recognized regarding the reaction 
of silica-water solutions on limestones. 

1. At high temperatures near the contact zone with igneous rocks the lime of the lime- 
stones combines with the silica to form calcium silicates. 

2. At lower temperatures farther away from the contact zone the calcite of the lime is 
being dissolved and the silica is deposited in the form of quartz. 

In the case of the forming of the chert of the radiolarites and of the Miocene cherts in 
the “fractured shale” the process took place at still lower temperatures. 

Bastin stresses also the possibility of deposition from colloidal suspension and it is 
probable that the chert of the radiolarites and the Monterey shale was deposited from 
colloidal solutions of silica in the circulating ground waters. 

Conclusion.—This short article attempts to outline only an alternate view of the origin 
of cherts in the Santa Maria area of California. It is recognized that this subject has also 
been studied in detail by other geologists and they have made important contributions on 
the subject. Among these writers are Andrew C. Lawson, George D. Louderback, E. F. 
Davis,’ and more recently N. L. Taliaferro." E. F. Davis has given a rather complete 
bibliography on this subject. 


— S. Bastin, “Theories of Formation of Ore Deposits,” Scientific Monthly (December, 
1939, 

10 E. F. Davis, “The Radiolarian Cherts of the Franciscan Group,” Univ. California Bull. 
Dept. Geol., Vol. 11 (1918), pp. 235-408. 

1 Nicholas L. Taliaferro, ‘Franciscan-Knoxville Problem,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 27, No. 2 (February, 1943), pp. 109-219. 
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NEW EVIDENCE CONCERNING AGE OF SPAVINAW GRANITE, OKLAHOMA! 


W. E. HAM? anp R. H. DOTT? 
Norman, Oklahoma 


The granite outcrops near Spavinaw, Oklahoma, have attracted the attention of 
geologists for a number of years because they are the only exposures of igneous rock in 
northeastern Oklahoma and adjacent parts of Kansas, Missouri, and Arkansas. The out- 
crops are in the W. 3 Sec. 15, T. 22 N., R. 21 E., Mayes County, about 3 mile west of 
Spavinaw, and consist of 5 small hills (Fig. 1). They are surrounded by Cotter dolomite 
(Ordovician-Beekmantown) which dips away from the hills at angles of 5°—10°, and near 
the surface contact the dolomite is fractured and contains much chert. The occurrence is 
important to petroleum geologists because similar features have been found in subsurface 
by drilling for oil and gas in Oklahoma and Kansas, It is important to mining geologists 
because some writers have postulated the intrusive origin and post-Mississippian age of the 
Spavinaw granite, and have attempted to relate it to the origin and age of the ore bodies in 
the Tri-State zinc-lead district. 

Much discussion has been published on evidences pertaining to the age of the granite, 
and for a complete review the reader is referred to articles by Ireland‘ and by Tolman and 
Landes.* The question involved is whether the granite is a pre-Cambrian buried hill or 
whether it has been intruded into the sediments that surround it. Of the several reasons 
advanced for the intrusive nature of the granite, one was the absence along the contact 
of conglomerate or other distinctly clastic sediments derived from the granite. The argu- 
ment was that if the granite is pre-Cambrian, such clastics should be present in the sur- 
rounding dolomite, and until about 10 years ago none had been found. At that time, de- 
trital feldspar, quartz, and well rounded pebbles of gray, decomposed granite were dis- 
covered in the dolomite from an old shaft dump near one of the granite outcrops.® Tolman 
and Landes made petrographic examinations of the detrital material and concluded that 
the gray granite was derived from a hill of Spavinaw granite exposed during the deposition 
of the Cotter dolomite. 

The present writers, on July 3, 1943, had an opportunity to examine the shaft from 
which the arkosic material probably came. The shaft, located in the SE. 3, SW. 3, NW. 3 
Sec. 15, T. 22 N., R. 21 E., is 125 feet west of the second granite outcrop north of Spavinaw 
Creek and about 150 feet north of Oklahoma Highway 20 (Fig. 1). It is about 6 feet square 
and was originally dug in 1916-1917 to a depth of 87 feet in a search for pyrite or other 
valuable minerals. Previously a hole had been drilled at the exact spot to 100 feet, at which 
depth granite is reported to have been encountered. During the spring of 1943 the shaft 
was cleaned out, again in a search for pyrite, and a pump installed at a depth of go feet to 
handle the large volume of water that flowed in from several crevices in the shaft wall. 

The shaft is untimbered, and good exposures of the country rock—all Cotter dolomite 
—can be seen from top to bottom. Two drifts have been cut following small showings of 
pyrite, one 15 feet long at a depth of 54 feet and another at the bottom of the shaft. In 


1 Manuscript received, October 19, 1943. 
2 Assistant geologist, Oklahoma Geological Survey. 
3 Director, Oklahoma Geological Survey. 


4H. A. Ireland, “Mayes, Delaware, and Ottawa Counties,” in “Oil and Gas in Oklahoma,” 
Oklahoma Geol. Survey Bull. 40, Vol. 3 (1930), pp. 473-81. Also issued as Bull. 4o-NN. 

5 Carl Tolman and Kenneth K. Landes, “Igneous Rocks of the Mississipply Valley Lead-Zinc 
Districts,” in “Contributions to a Knowledge of the Lead and Zinc Deposits of the Mississippi Valley 
Region,” Geol. Soc. America Spec. Paper 24 (1939), pp. 76-81. 


6 Tbid., p. 79. 
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the bottom drift the rocks dip 5° N., 30° W., and dips of about the same magnitude, al- 
though with slightly different direction, prevail throughout the shaft. 

The rocks were carefully examined in the two drifts and casual observations were 
made elsewhere in the shaft. The walls in the upper 80 feet appear to be largely dolomite, 


400 FEET 


Fic. 1.—Outcrops of Spavinaw granite in Sec. 15, T. 22 N., R. 21 E., Mayes County, } mile 
west of Spavinaw Dam. After H. A. Ireland, Oklahoma Geol. Survey Bull. 40-NN (1930). S, shaft 
examined in this report; X, abandoned granite quarry. 


containing a few nodules and irregular masses of chert, with intercalated well defined beds 
of chert several inches thick. Pyrite, dolomite, calcite, and quartz, all showing good crys- 
tal form, are found locally coating solution pockets, as a filling in brecciated beds, in thin 
veins, and as irregular replacement bodies of small size. Pyrite is the most abundant of 
these minerals, but the richest occurrence observed was in the lower drift, where a bed 18 
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inches thick contains 20-30 per cent pyrite. The sulphide veins cut through dolomite and 
chert alike and evidently were formed after the dolomitization and chertification. 

At a depth of 80-90 feet in the shaft there are many detrital layers in the Cotter dolo- 
mite that consist chiefly of granitic fragments and a few boulders of granite. A detailed 
study of these rocks by Ham, given in the following paragraphs, confirms the conclusion 
of Tolman and Landes that the granitic detritus was derived from the Spavinaw granite. 

The boulders observed were entirely surrounded by dolomite; they definitely are . 


INCHES 


Fic. 2.—Polished section of Cotter dolomite from depth of 85 feet in shaft, showing arkosic 
a Most of the granite fragments appear dark gray. Pyrite veinlets along right edge and in upper 
left corner. 


detrital in origin and are not veins, irregular stringers, or bunches of granite connected 
with the adjacent igneous outcrop. One boulder 7 inches in diameter was dug out of the 
solid wall by the writers, and others of smaller dimensions are. present. The boulders are 
composed of gray granite and show marked exfoliation, with abundant green chlorite along 
the outer curved, exfoliated surfaces. The granite has a holocrystalline, porphyritic texture 
and contains rectangular, gray phenocrysts up to 5 mm. in diameter. Both phenocrysts 
and groundmass are much altered, but in the center of the largest boulder there are several 
patches of pink feldspar that evidently have escaped decomposition. It seems clear that 
all of the feldspar in the boulder was originally pink and that alteration has proceeded in- 
ward in such a way as to leach out, or mask by decomposition products, the original color 
of the feldspar in the outer part of the boulder, whereas the inner portion remained essen- 
tially unaltered. 

A thin section of the granite boulder shows phenocrysts of orthoclase up to 4 mm. in 
length, largely replaced by shreds of sericite. Surrounding the phenocrysts are smaller 
crystals, o.5 to 2 mm. long, that consist of a very intricate micrographic intergrowth of 
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sericitized orthoclase and quartz, closely resembling graphic granite. At least 95 per cent 
of the rock is made up of these constituents, and the remainder is accessory apatite, pyrite, 
and zircon, plus a small amount of secondary chlorite. There is no quartz except in the 
micrographic intergrowths, and most of the quartz particles range from 0.03 to o.2 mm. 
in diameter, although a few are larger. The feldspar-quartz intergrowth is easily the most 
striking and characteristic feature of the rock. 

More abundant than the boulders, however, are thin strata of arkosic dolomite inter- 
bedded, in some places with sharp contacts, with layers of non-arkosic dolomite (Fig. 2). 


Fic. 3.—Photomicrograph of arkosic Cotter dolomite from shaft. Mottled areas are detrital frag- 
ments of Spavinaw granite; they consist of micrographic intergrowth of quartz (light gray) and sericit- 
— gaa (dark gray). Dolomite rhombohedra surround fragments. Black spots are pyrite. 

ain light. 


The arkosic layers, } to 2 inches thick, are composed chiefly of granite fragments and 
rectangular grains of feldspar, together with a little frosted quartz sand, green chlorite, 
and shreds of sericite. Lemberg stains on polished surfaces show that these detrital con- 
stituents are set in a matrix of calcite and dolomite, and as a general rule calcite is much 
more abundant in the arkosic than in the non-arkosic dolomite. The dolomite occurs in 
well developed rhombohedrons and is probably a syngenetic replacement of limestone. 
In thin section the detrital materials are angular to sub-quadrate fragments of sericit- 
ized feldspar and micrographic granite, ranging from 0.2 to 3.5 mm. in longest diameter, 
associated with rounded to angular quartz sand grains 0.06 to 0.7 mm. wide (Figs. 3, 4). 
These are arranged in sub-parallel layers in the dolomite. The feldspar and quartz-ortho- 
clase intergrowths are identical with those found in the granite boulder. Many of the 
quartz grains, however, are larger than the largest individual quartz particles observed 
in the granite, and they also have a much more pronounced undulatory extinction. Fur- 
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thermore, insoluble residues show that the largest grains are rounded and frosted. The 
rounding itself is an indication that the quartz has passed through several cycles of 
erosion’ and from this fact, together with the other characteristics mentioned, it seems 
probable that the detrital quartz in the dolomite did not come from the granite. 

The petrographic characters of the boulders and of the granitic débris are so similar 
to those of the Spavinaw granite as described in the literature that there can be little doubt 
of their mutual relation. The abundance of micrographic intergrowths of orthoclase and 


Fic. 4.—Photomicrograph of detrital layer in Cotter dolomite from shaft. Rounded to sub-angular 
— _ (Q) and irregular fragments of micrographic granite (G) are set in a matrix of dolomite. 
Plain light. 


quartz, common to the granite and granite débris, is sufficiently exceptional to be used 
safely as a correlative criterion. It is consequently believed that the Spavinaw granite is 
the source of the detrital granite in the Cotter dolomite, and from this relation it follows 
that the Spavinaw granite is pre-Cotter and probably pre-Cambrian. The frosted quartz 
sand grains associated with the arkose in the clastic zones, however, probably came from 
lower Ordovician or Cambrian sandstones of the adjacent Ozark region. 

In the past, based on the assumption that the Spavinaw granite is pre-Cambrian, the 
structural relations have been variously interpreted as follows: (a) the dolomite overlaps 
the granite; (b) the dolomite has an initial dip along the flanks of the granite; and (c) 
“The granite as a solid may have been pushed up into the sediments by the vertical com- 
ponent stress resulting from lateral pressure.’’ 

7 G. E. Anderson, “Experiments on the Rate of Wear of Sand Grains,” Jour. Geol., Vol. 34 (1926), 
PP. 157-58. 

8H. A. Ireland, op. cit., pp. 479-81. 
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Evidence obtained in the shaft indicates that the dolomite probably overlaps the 
granite at a very rapid rate and that its dip is caused by folding rather than initial dep- 
osition. The slope of the dolomite-granite contact, if projected as a straight line from the 
surface outcrop to a point ro feet below the bottom of the shaft, is nearly 39°. The contact 
of the dolomite along this slope, furthermore, must be a normal depositional contact and 
can not be accounted for by faulting, for no faults of any magnitude are reflected in the 
Mississippian strata immediately overlying the Cotter a few hundred feet away. From 
these interpretations it is concluded that progressively younger beds of the Cotter dolo- 
mite overlap successively higher portions of the granite along the 39° slope (Fig. 5). The 


Cotter dolomite (cherty) 


Detrital zone 
Containing — boulders, arkose 
layers, and frosted sand grains 


Spavinaw granite 


50’ 


Fic. 5.—Geologic cross section, showing relation of Cotter dolomite to Spavinaw granite. 


5° dip of the dolomite is too low to be initial dip, because initial dip must conform to the 
slope of the floor upon which sediments are deposited. 

The dips, moreover, are on the limbs of an elongate northeast-southwest anticline, 
much larger than the granite outcrops, whose axis is similar to, and parallel with, most 
of the folds and faults of the region. The folding was post-Mississippian, probably Penn- 
sylvanian in age. The present dips are due to this folding and have no genetic relation to 
the granite. The Spavinaw granite consequently owes its present exposure to post- 
Mississippian anticlinal folding and recent dissection of the overlying strata by Spavinaw 
Creek, but the outcrops also are the eroded tops of pre-Cambrian hills. 

The pre-Cambrian age of the granite has a bearing on the origin and age of the sul- 
phide mineralization in the Cotter dolomite. The occurrence of the ore in fractures and 
brecciated zones is clear evidence that mineralization took place after deposition and 
consolidation of the rock, and it also is probable that the ores were introduced after the 
folding, possibly in Pennsylvanian time. The geological conditions indicate that the pyrite 
and other minerals were deposited from solutions which migrated along the granite- 
dolomite contact and down the dip of the sediments; and it is believed that the waters 
were meteoric and not necessarily warm or under artesian pressure. The close proximity 
of the mineralized area to the granite, and the presence of pyrite in the granite, suggest 
this rock to be the principal source of the iron sulphide, whereas the calcite, dolomite, and 
quartz associated with the pyrite were probably leached from the dolomite itself. 
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FOSSILS FROM METAMORPHIC ROCKS OF COAST 
RANGE OF VENEZUELA! 


PHILIP P. WOLCOTT? 
Caracas, Venezuela 


Since Humboldt’s time the age of the metamorphic rocks of the Coast Range of 
Venezuela has been the subject of considerable discussion and speculation. A recent dis- 
covery of fossils in the Las Mercedes schist of the Caracas series by the writer offers high 
promise of shortly solving this long-standing problem. 

The fossils are found near the headwaters of Quebrada de Cara, a south-flowing tribu- 
tary of Quebrada Guarenas that rises in the North Coast Range. This stream crosses the 
Caracas-Caucagua car road 3.2 kilometers east of Guatire or 56 kilometers east of the 
Capital City. Float boulders of slightly metamorphosed dark gray hard fossiliferous lime- 
stone occur in the bed of the stream. Similar limestones in situ are interbedded with meta- 
morphosed black graphitic schists, gray mica schists, greenish gray sandy limestones and 
greenish quartzitic sandstones. All of these sediments, including the fossiliferous lime- 
stone boulders, are cut by many veins of calcite and quartz. 

The first fossils noted were the abundant cross section of pelecypod and gastropod 
shells on the surface of the boulders. Several complete specimens were obtained later 
from weathered portions of these rocks. At least seven distinct genera are included in the 
assemblage although as yet, due to poor preservation, all of the forms have not been 
identified beyond reasonable doubt. A tentative list of the fossils follows. 


Pholadomya? sp. 

Cardium sp. or Pecten sp. 
Meretrix? sp. 

Lucina? sp. 

Gastropod sections and molds 


Plicatula sp. 
Pecten (Camptonectes) sp. cf. P. (Camptonectes) indiduraensis Jones (Bull. Geol. Soc. America, 


Vol. 49, No. 1, p. 108, Pl. 3). Also cf. P. (Camptonectes) bubonis Stephenson (Univ. Texas Pub. 4101, 
p: 131, Pl. 21) 

The present tentative identification of the fossils does not permit a precise age de- 
termination of the fossiliferous portion of this metamorphic series. Molluscan species 
similar to these forms occur in the Cretaceous and Jurassic rocks in many parts of the 
world. Therefore, for the present, we may consider the Las Mercedes as either Cretaceous 
or more probably Jurassic in age. 


1 Manuscript received, October 21, 1943. 
2 Creole Petroleum Corporation. 
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DISCUSSION 


CLASSIFICATION OF FAULTS! 


CHESTER R. LONGWELL? 
New Haven, Connecticut 


In a recent stimulating article Stuart K. Clark proposes a classification of faults into 
six categories, as follows. 


. Normal diagonal shears 

. Reverse diagonal shears (thrust faults) 

. Horizontal faults (bedding-plane shears) 
. Tension faults 

. Lateral shears 

. Vertical shears 


An PW 


The present writer is glad to see new viewpoints on this subject, since he has long 
been dissatisfied with some of the common terms and concepts relating to faults. He is in 
agreement with some of Clark’s ideas, but disagrees emphatically with others. Friendly 
disagreement among geologists is of course a common and normal phenomenon. It leads 
to wholesome discussion, which benefits the participants and sometimes advances the 
science. 

An excellent feature of Clark’s analysis is his use of actual field examples, not as mere 
confirmation of points reached by deductive reasoning, but as safe stepping stones in his 
reasoning process. An experienced petroleum geologist has at his disposal a weatlh of in- 
formation furnished by the drill, which supplements two-dimensional observations at the 
surface. What happens to a fault at depth is a very important matter. The cross sections 
from the Mid-Continent field and Turner Valley inspire far more confidence than any 
number of sections made by extrapolating structural elements downward from the sur- 
face. A conceivable objection may be that all examples cited have to do with stratified 
rocks only, whereas the proposed classification of faults presumably relates to rocks of all 
kinds. However, stratified sections have obvious advantages in the study of structural 
features, and it is understandable that a petroluem geologist draws his illustrations from 
the kind of bedrock on which his attention is focused. Aside from the field illustrations— 
which are excellent and in general adequate—the author’s attention to sedimentary rocks 
has given him a somewhat special point of view, which is mentioned later in other con- 
nections. 

Clark is to be commended also for his emphasis on the outstanding importance of 
shearing stress in faulting. Faults are conspicuously the result of failure under shearing. 
Yet many geologists either have failed to grasp this truth or have been careless with their 
terminology. Many statements in the literature refer to ordinary normal faults as “‘ten- 
sional faults,” as if they were the product of simple tensile stress. Some structural geolo- 
gists apply the terms “shear fault” and “shear thrust” to one or another special type of 
fault, with the implication, whether intentional or not, that shearing is exceptional and 
not the rule in development of faults. The writer’s view of this matter is sometimes ex- 
pressed to students—in a use of the lowly pun that may have pedagogical value—by the 
statement that the term shear fault is sheer nonsense. It is analogous to reptilian turtle, 
glacial till, and other tautological combinations. 


1 Manuscript received, November 2, 1943. 
2 Department of geology, Yale University. 


3 Stuart K. Clark, “Classification of Faults,” Bull. Amer. Assoc. Petrol. Geol., Vol. 27, No. 9 
(September, 1943), pp. 1245-65. 
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After his promising start in ascribing to shearing stress a dominant réle, Clark then 


recognizes “tension faults” as one of the six groups in his classification. The actual frac- . 


tures are interpreted as the result of tensile stresses, and movement of the blocks along 
these breaks is presumed to have occurred later from “gravity slumping,” as a “pseudo- 
shearing effect.’’ Such faults are believed to be restricted to special situations, particularly 
on anticlinal flexures. The North Dome of the Kettleman Hills anticline is introduced as an 
example, and surely no finer illustration of systematic faulting on an anticlinal crest can 
be offered. Unfortunately, Clark fails to build inductively on the testimony of this im- 
pressive structural feature. His discussion of “tension faults” starts with reference to an 
ideal diagram (his Fig. 11) of a faulted anticlinal crest; the several faults are “‘approxi- 
mately normal to the bedding,” and therefore dips of the faults decrease progres- 
sively with increasing distance from the vicinity of the axial plane, where the faults are 


NORTH DOME 


St 
7 


Fic. 1.—Section, southwest to northeast, across North Dome, Kettleman Hills, California. (From 
Woodring, Stewart, and Richards, U. S. Geol. Survey Prof. Paper 195, Pl. 51 


nearly vertical. No mention is made of the sharp contrast between this theoretical dia- 
gram and the actual cross-section of the North Dome (Clark’s Fig. 12), based on careful 
field study by Woodring, Stewart, and Richards. This instructive section is repeated in 
Figure 1. 

It is clear generally that the faults dip toward the axis at a nearly uniform angle, 
and there is no steepening of dip near the axial plane, as in Clark’s idealized diagram. 
Moreover, since the strata are gently inclined on the broad summit of the fold where 
faults are concentrated, the faults are conspicuously not normal to bedding. The faults 
cut by the section are representative of the large number on the dome, since the men who 
made the study state that “‘most of the strike faults dip toward the axis at angles that 
average about 60°,” and that most of the faults crossing the anticlinal axis—which are 
especially numerous near the plunging ends of the dome—“dip in the general direction 
of plunge at an average angle of about 60°.’ It is worth noting that most of the faults 
crossing the axis at the plunging ends dip in the same direction as the beds, and therefore 
intersect bedding at angles of 45° to 50°—not 90° as expected under the theory of tensional 
fracture. 

On another important point Clark fails to use the field evidence of North Dome. Speak- 
ing of the numerous faults that cross the fold near the plunging ends, he states that they 


4 W. P. Woodring, R. Stewart, and R. W. Richards, “Geology of the Kettleman Hills Oil Field, 
California, U.S. Geol. Survey Prof. "Paper 195 (1940), p. 150. 
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“extend at right angles to the axis of the anticline.”* The map of the dome, reproduced in 
Clark’s Figure 12, denies this statement emphatically. The anticlinal axis trends north- 
west; the faults in question “trend slightly east of north and cross the axis of the anti- 
cline and the general strike of the strata at angles of about 60°.’ In recognition of this 
oblique pattern, the men who studied the dome refer to faults in this set as diagonal faults. 
Their consistent average strike in the North Dome is one of the most interesting struc- 
tural facts of the area. The pattern suggests strongly the influence of a force-couple acting 
generally north-south—a suggestion in agreement with the echelon arrangement of the 
several domes and other facts discussed in Professional Paper 195.’ All recorded features 
of the diagonal faults—their strike, their dips, the pitching striae on the surfaces—indicate 
their origin as shears. The diagonal pattern in itself precludes the interpretation of origin 
through simple tension along the anticlinal axis. 

It is significant that the many faults on the dome—in both the strike set and the 
diagonal set—dip at approximately 60°. This is about the average dip of normal faults 
generally; and Clark recognizes that most normal faults are shears. The authors of Pro- 
fessional Paper 195 accepted the eloquent testimony of shearing as the cause of faulting 
on the Kettleman Hills domes; their confident opinion is that the shearing “accompanied 
differential vertical stresses in competent strata overlying the rising incompetent ma- 
terial.”’® Stress conditions must have been extremely complex during the growth of the 
great anticline. Concept of a simple arch formed by uniform bending of strata under 
lateral pressure is far too simple. A supporting core was squeezed up, and strata on the 
arch were subjected to a powerful lifting force which must have had irregular distribution 
from several causes. Lateral variations in composition and strength of strata made for 
irregular deformation, and variable thickening and thinning of weak shaly formations no 
doubt brought unequal pressure to bear on overlying more brittle beds, with resultant 
shearing couples. Advocates of the tension-fracture concept are impressed with the local- 
izatica of faults at the crest of the anticline and with the strike of faults in the dominant 
set parallel with the axis; these facts, they reason, point to flexing of the strata as the cause 
of fracture. No doubt flexing was a strong controlling factor in localizing and orienting 
shear-planes that resulted from differential vertical stresses. Lateral confining pressure 
across the anticlinal axis was lowered in the belt of maximum flexure to the point of per- 
mitting fracture under shearing stresses not strong enough to cause rupture on the limbs 
of the fold. Since the maximum diminution of lateral pressure would occur at the top of 
the fold, shear-planes developed at the higher levels would logically die out with depth. 

The term “gravity slumping,” used by Clark to explain displacement on the supposed 
tensional fractures, is vague in the absence of any mechanical analysis of stress-strain 
relations. Presumably the reasoning is somewhat as follows. Flexing in the upper part of an 
anticline sets up tension across the axis. Rock is weak under tensile stress, and therefore 
the flexed strata part along fractures that are radially disposed in the cross section. The 
included blocks, relieved of lateral support, settle under their own weight and close the 
tensional gaps, as co keystone blocks in a masonry arch that is stretched. This analysis, 
apparently simple and superficially conclusive, neglects several important elements of 
the geological problem, outlined briefly as follows. 

1. Strata in an anticline do not form a self-supporting arch. If we grant for the moment 
that tension would produce fractures like those represented in Clark’s Figure 11, there 
would be no convenient voids into which the blocks could drop, to simulate the slumping 


5S. K. Clark, op. cit., p. 1260. 

6 Woodring, Stewart, and Richards, of. cit., p. 150. 
7 Op. cit., pp. 152-53. 

8 Op. cit., p. 
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keystone in a stretched arch of masonry. The blocks could be pulled apart only along any 
steep fracture, as in Figure 2, herewith, until from lack of lateral support a wedge on 
either side would shear off under its own weight, along an inclined fracture. Thus any 
“gravity slumping” would be along shears instead of steep “tensional” breaks. 


/ 
A |B / 
— 


Fic. 2.—Blocks A and B would shear off along inclined fractures if lateral support were removed 
by pulling apart from assumed steep tensional break. Gap shown is diagrammatic only; great blocks 
in crust would shear before actual separation occurred, and resultant wedges would settle together 
as tensional yielding progressed. 


2. Even if simple tension acted on a segment of the crust as represented in Figure 2, 
the prominent resultant breaks would not be along planes at right angles to the axis of 
tension. The operation of gravity would not be suspended until vertical fractures were 
formed and opened. Blocks in the crust have great weight, and gravity would play a con- 
trolling réle in determining the attitude of initial fractures. This principle is well illus- 
trated by experiments in which Cloos used clay with strength appropriate to the scale of 
his model.* Tension resulted in shear-planes, dipping about 60°, on which blocks of the 
clay subsided to form grabens, as in Figure 3. 


Fic. 3.—Faults produced experimentally by tension in slab of clay with strength appropriate 
to scale of model. Note two intersecting sets of shear-fractures. (From Hans Cloos.) 


3. The simple concept of tension as the direct cause of fracturing near the crest of an 
anticline ignores the interplay of several forces that set up complex stress corditions dur- 
ing the folding. A feature like the North Dome reflects strong compression which affected 
all parts of the bedded section, including the strata now exposed at the crest of the fold. 
Bending of the section gave differential values to compressive stress across the axial plane, 


® Hans Cloos, Einfiihrung in die Geologie (1936), Fig. 215, p. 265. 
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but could hardly have produced actual tension in the simple meaning of the term. In 
addition, there was a strong lifting force, resisted by the great weight of the section. 
Quite aside from localized effects of stratigraphic irregularities, we could not safely deduce 
the position and attitude of fractures that might develop from this combination of forces. 
Our surest approach is through inductive study of folds such as the North Dome, supple- 
mented by careful experimentation. Cloos, adhering to the principle of proper scale in all 
elements of his model, compressed a slab of clay into a low anticline, and produced in the 
upper part of the thick layer a beautiful system of shear-planes striking parallel with the 
axis and dipping steeply in both directions.!° Significantly, he compares this result with 
the belts of strike faults on the Kettleman Hills anticline. 

This fascinating subject invites discussion at greater length and with additional illus- 
trations from field and laboratory. However, perhaps the argument has been carried far 
enough for the present purpose. The evidence seems unfavorable to Clark’s concept of 
“tension faults” as a class distinct from his “normal diagonal shears.” Forces are applied 
to rock masses in many different ways, and doubtless in some situations tension plays an 
important part in the development of faults. However, to quote Clark himself regarding 
the outstanding characteristic of faults, “relative displacement or slippage along the plane 
of fracture . . . at once suggests that faults are predominantly shearing failures.’’! As we 
have seen, this suggestion applies to the faults at the summit of the North Dome, where 
flexing acted to set up tension. However, tension in the crust can not act independently 
of gravity, and commonly is associated with other powerful forces. Faulting is a response 
to shearing stresses that result from the composition of forces acting on a rock mass. 

If faults generally are the result of shearing, it is inappropriate to designate specified 
classes of faults as shears. Clark’s classes 1 and 2 therefore become “normal and reverse 
diagonal faults.” Diagonal is an unfortunate word in this connection, since it does not sug- 
gest any general attitude in the crust. The authors of Professional Paper 195 use the term 
to designate a set of faults, with unspecified dip, whose strike is diagonal to the axis and 
to the general strike of beds in the North Dome—a logical usage in an areal report. Clearly, 
Clark has in mind dip-slip faults whose planes cut the horizontal plane obliquely. In 
geology—and in ordinary geometry—the common word to describe this relationship is 
inclined; an inclined plane is “a plane that makes an oblique angle with the plane of the 
horizon.’? But normal and reverse faults are inclined by definition, since they are dif- 
ferentiated by relative movement of a hanging wall. If we are to retain these familiar ad- 
jectives—and the present writer agrees that we should—it is redundant to use the further 
modifier inclined. Thus the two classes seem to be described adequately as “normal faults” 
and “‘reverse faults,”’ terms that have long been satisfactory to many geologists. 

A complete classification of dip-slip faults must take account of those that are essen- 
tially vertical, exceptional though they may be. Many steep faults closely approach the 
vertical, but most of these qualify as either normal or reverse. The Hurricane fault in Utah 
is a great fault zone with displacement that “was not along a single fra€ture but was dis- 
tributed among several closely spaced normal faults having dips ranging from 70 degrees 
westward to vertical.’”’!* Several large reverse faults in southern Nevada have dips of 60°, 
70°, and even 80°. The great Uinta anticline in Utah is broken by a number of high-angle 
faults, both normal and reverse. One of these, the North Flank fault, is represented as 


10 Op. cit., Fig. 221, p. 273. 

1 Stuart K. Clark, op. cit., p. 1246. 

12 Webster’s International Dictionary. 

18 Louis S. Gardner, “The Hurricane Fault in Southeastern Utah and Northwestern Arizona,” 
Amer. Jour. Sci., Vol. 239 (1941), Pp. 247. 

om oy Forrester, “Structure of the Uinta Mountains,” Bull. Geol. Soc. America, Vol. 48 (1937), 
pp. 631-66. 
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essentially vertical. A possible continuation of this great fault zone eastward into Colorado 
extends along the northeast flank of Cold Spring Mountain, where according to Sears the 
south side is upthrown ‘fas compared with the north side on a nearly vertical plane.” 
Surprisingly, Clark treats faults with this attitude as “theoretically possible,” cites no 
actual example, and speaks vaguely of the origin in a statement that mathematical analy- 
sis shows a depth of about 40,000 feet necessary for this type of shear to develop in homo- 
geneous limestone. Such an analysis must start with certain assumptions that he leaves 
undefined, except for postulated “differential uplift.” Attempts to analyze faulting too 


Fic. 4.—Diagram to show a nearly vertical fault resulting from simultaneous action of horizontal 
compression A and lifting force B. Angle between resultant C and shear-plane F is about 30°. (B 
represents force in excess of that required to overcome gravity.) 


often take for granted that the forces responsible for particular faults were restricted in 
their application either to the vertical or to a horizontal direction. Surely it is conceivable, 
and in fact it seems probable, that vertical and horizontal forces have combined frequently 
to cause shearing rupture. Forrester states reasons for believing that the steep faults in 
the Uinta Mountains were at least in part contemporaneous with the folds.'* Composition 
of horizontal compression and a vertical lifting force to produce a nearly vertical fault is 
indicated in Figure 4. Whether the fault is vertical or steeply inclined depends on the 
relative values of the horizontal and vertical components of force. This subject also invites 
more extended discussion than is warranted here. 

Dip-slip faults, then, fall into the subdivisions normal, reverse, and vertical. Strike-slip 
faults are known variously as “tear faults,” “flaws,” “shear faults,” “rifts,” and by other 
terms to which Clark makes valid objection. His own suggested adjective, “lateral,” is 
acceptable enough except that it adds one more term to an already overlong list. Why isn’t 
the simple term strike-slip fault adequate? It is already in wide use, it pairs logically 
with dip-slip fault, and we can say, in Clark’s words commending his own suggestion, that 
strike-slip fault ‘‘can be interpreted only as meaning a sidewise shear, or one in which the 
relative displacement on opposite sides of the fault is primarily sidewise.” The objection 
sometimes voiced that strike-slip fault may be confused with strike fault is not formidable. 
We must depend on memory to some extent, since no descriptive terms can be entirely 
self-explanatory; and it is hard to conceive that geologists who make common use of these 


4 Julian D. Sears, “Geology and Oil and Gas Prospects of Part of Moffat County, Colorado, and 
Southern Sweetwater County, Wyoming,” U.S. Geol. Survey Bull. 751-G (1924), p. 307- 


16 J. D. Forrester, op. cit., p. 653. 


B 
F 
| 
i 
i 
| 
i 


DISCUSSION 1639 


terms can be confused by superficial similarities. The logical division of translational 
faulting movements into dip-slip and strike-slip is in itself an aid to memory. 

The terms here suggested are purely geometric or descriptive, and do not satisfy some 
who argue for a “‘genetic’’ classification. However, the primary test of any classification 
must be its practical workability. Much as we should like to know what forces were re- 
sponsible for every fault and how they were applied, these matters remain subjects for 
study and speculation. An example of unwarranted genetic implication is the term “gravity 
fault”’ as applied to all normal faults—a term that is properly rejected by Clark. Attempts 
to make a classification partly genetic and partly geometric result in confusion. The most 
satisfactory terminology suggests as clearly as possible the general spatial relations of each 
fault, and leaves for discussion such uncertainties as causal forces. A recent meritorious 
analysis of this subject by Gill!” divides all faulting movements into ¢ranslational and 
rotational, and suggests that slip be considered “‘a vector quantity defining the direction 
and distance of movement, parallel to a fault surface or zone, of a specified wall, relative 
to the other wall.” By this principle a strike-slip fault is described as “right” or “left” 
according to whether an observer who faces the fault sees the opposite wall displaced to 
his right or his left. If we adopt this helpful device, and retain terms that are generally 
understood and widely used, all translational movements are included satisfactorily in 
the following brief classification. 


1. Dip-slip faults 

a) Normal, (b) reverse, (c) vertical 
2. Strike-slip faults 

(a) Right, (b) left 
3. Oblique-slip faults 

(a) Right- or left-normal 

(b) Right- or left-reverse 

(c) Right- or left-vertical 


Except for addition of the category “vertical” under dip-slip and oblique-slip faults, 
the classification is that suggested by Gill. His subdivisions of rotational movements need 
not be discussed here. 

There remains the group of faults commonly known as “overthrusts,”’ to which Clark 
properly gives special attention, and for which he proposes, as an all-inclusive term, “hori- 
zontal faults,” with the alternative “bedding-plane shears.” In his entire discussion of this 
group he considers only those ‘‘in which masses of sirata!8 have been displaced along shear- 
ing planes approaching the horizontal,” although many of the most spectacular known 
examples—in eastern California, in Scotland, in the Alps and the Himalaya—involve 
rocks that are either massive-plutonic or metamorphic, and therefore in no sense strati- 
fied. ‘“Bedding-plane shears” is entirely inappropriate as an inclusive synonymous term 
for faults in this group, not only because many of the rocks involved lack bedding, but 
for the further reason that many of these faults transect closely folded strata, and hence 
have no relation to bedding, as illustrated by the Bannock and related faults of south- 
eastern Idaho.!® Moreover, bedding-plane faults have all conceivable attitudes, from 
horizontal to vertical, and therefore the term is not properly restricted to the low-angle 
features in this group. 


17 J. E. Gill, “Fault Nomenclature,” Trans. Roy. Soc. Canada, 3d Ser., Sec. 4, Vol. 35 (1941), 
Pp. 71-85. 
18 Ttalics supplied by present writer. 


19 G. R. Mansfield, “Geography, Geology, and Mineral Resources of Part of Southeastern Idaho,” 
U.S. Geol. Survey Prof. Paper 152 (1927). 
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The present writer has devoted considerable field study to large thrust faults, and 
appreciates the difficult problems they present. He is not prepared to accept “horizontal” 
as a proper general descriptive term for faults of this kind. Aside from divergent steep dips 
that characterize many such faults because of subsequent folding—a fact that might be 
overlooked if the original attitude had been nearly uniform—it is clear that large angular 
differences existed between extensive areas of any particular fault surface during its de- 
velopment. In southern Nevada several great thrusts developed by the shearing across of a 
sedimentary section, 3 to 5 miles thick, followed by wide movement across the land surface. 
Since the difference in dip between the forward and rearward parts of such a fault is 30° 
or more; and the “ramp” up which a plate was propelled before it flattened was as much as 
10 miles from bottom to top, to designate the entire fault as, “horizontal” would be an 
abuse of language. 

There will appear in print shortly another paper in which various aspects of great 
thrusts, including their possible origin, are considered-in some detail. In particular, sug- 
gestions by Haarmann and others that extensive plates have been propelled by gravity 
are given careful study. Arguments for such a mechanism commonly cite the movement on 
low slopes of large ‘‘chronic” landslides. Analogy of these features with thrust masses is 
superficial and, without analysis, is likely to be deceptive. In the commonest type of slid- 
ing mass there is more or less earthy admixture which, when saturated with water, acts 
as a viscous liquid and leads to earth-flow in the body of the mass, as well as sliding on 
definite surfaces. Even the large slides that involve chiefly bedrock, such as the Gros 
Ventre slide of 1925, are within the zone of abundant ground water and have near the base 
beds of clayey material which combines with water to form an exceptional lubricant. Great 
thrust plates, on the other hand, move essentially as intact masses, since bedding and 
other original structures show little disturbance, except by imbricate faulting, over large 
areas and through large thicknesses. The base of a plate 2 to 5 miles thick is far below the 
zone of abundant ground water, and must encounter high frictional resistance even if it 
rests on shale. In Nevada the Muddy Mountain plate, made of thick limestone and dolo- 
mite formations, moved at least 15 miles on a floor of massive Jurassic sandstone. On the 
assumption of an abnormally low coefficient of friction—and there is no apparent reason 
for a low value—calculation of the slope required for gravitational sliding and of the 
minimum elevation necessary for movement of the larger thrusts jolts any complacent 
faith in the supposed mechanism that may come from vague qualitative consideration of it. 
An attempt at quantitative study has convinced the present writer that gravitational 
sliding alone is not an adequate explanation of the great thrusts, though it may have con- 
tributed importantly in their development. This study, added to the fact that in Nevada 
many stages are recognized in evolution from ordinary reverse faults to the extensive 
thrusts, convinces the writer that continuous “‘plunger” action was involved in the de- 
velopment, and that the term thrust (not overthrust) is warranted. However a purely de- 
scriptive term will be acceptable if one that seems adequate is offered. As a matter of 
classification, the writer considers the thrust as a kind of reverse fault. 

If the writer could meet Mr. Clark for a conversational session, with its freedom of 
give and take, this discussion might be continued in much more detail, with pleasure and 
profit. The limitations of print always leave some points obscure and sometimes result ir 
impressions that are not intended. It is to be hoped that this critique, which naturally 
stresses points of disagreement, will not by its content or its tone suggest any lack of re- 
spect for Mr. Clark’s opinions and for his courage in expressing them. 

Stuart K. Crark, Ponca City, Oklahoma (November 15, 1943).—In reply to Pro- 
fessor Longwell’s discussion, I should like to offer the following comments. 

First of all, I feel that there is a real need for a genetic classification as opposed to a 
purely descriptive one. The classification of faults as dip slips or strike slips has long been 
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available; but Longwell’s observations agree with mine, that the profession as a whole 
has apparently failed to grasp the essential character of these failures, and that the loose- 
ness of terminology in the literature is deplorable. 

Longwell criticizes the proposed normal diagonal shear on the grounds that inclined 
would be a better term than diagonal; that a normal fault is inclined; so there is no need 
to go beyond that expression. However, the term normal fault may apply literally to 
inclinations ranging up to 89°; whereas it was my purpose to show that there is a distinct 
type of fault that closely approaches the 45° diagonal (not the 60° figure which he cites as 
average). If referring to them as normal diagonal shears will serve to make the profession 
recognize the true character of that group, it will amply justify the usage. Or if a better 
name can be evolved which will still be applicable only to that specific type, there can be 
no objection to that. 

Longwell apparently questions the existence of the pseudo-shearing which I have 
classed as tension faulting, and takes particular exception to the use of the group of faults 
paralleling the axis of the Kettlemen Hills North Dome as an illustration of the type. 

Like Longwell, for many years I questioned the existence of any such thing as a tension 
fault. The applications of the term which I had encountered in the literature had all been 
obvious misapplications to faults of the normal diagonal shear type. However, I have 
since become convinced that the phenomenon of primary tension fracturing, with second- 
ary slumping to produce a pseudo-shearing effect, does occur in nature; and, while such 
occurrences may be relatively infrequent and of minor importance, they can not be ignored 
in any attempt to set up a comprehensive classification. 

Photographs obtained by the Byrd Antarctic expedition show some beautiful instances 
of gapping radial tension fractures developed in sharply arched folds in ice. The high- 
angle faults in the overriding mass of the Heart Mountain thrust, which Pierce”® ascribes 
to adjustments during the emplacement of the overriding strata, presumably belong in 
that class, since comparatively slight upward flexing should be sufficient to produce tension 
fractures, whereas true vertical shearing is hardly conceivable under the circumstances. 

My discussion of the Kettleman Hills faulting is open to criticism, in that I failed to 
eliminate from the final draft a reference to the two groups of faults near the ends of the 
anticline, based on an original misconception about their nature. However, it should be 
noted that my analyses for criteria as to type are specifically limited to the group parallel- 
ing the axis of the fold, and it is that group only of which I state that their identity as 
tension faults seem to be established ‘“‘beyond any reasonable doubt.” 

I do not believe that Longwell’s criticism based on the differences between my diagram 
of tension faulting and Woodring, Stewart, and Richards’ cross section is quite valid. 
It is true that their cross section pictures all the faults as dipping at approximately the 
same angle; but it is specifically labelled as schematic, both in the original and in my 
reproduction of it. I did not feel that I was at liberty to alter their diagram; but in view 
of the fact that their discussion mentions fault planes dipping at angles as high as 70°—80°, 
and places the anticlinal axis in the structurally lowest part of a complex fault trough, it 
seems reasonable to assume that a schematic diagram closely resembling mine would 
probably present a more accurate picture of the general situation along the crest of the 
fold than the one which they used. 

It may be pertinent to point out that an attempt to ascribe the existing situation to 
uplift (presumably resulting from flowage of incompetent shales) at shallow depth beneath 
the crest of the fold meets a difficulty in that the resulting feature should be a horst in its 
major aspect rather than a graben. At the risk of creating further confusion, it may be 
noted that apparent grabens may be developed over structural uplifts by the intersection 


20 William G. Pierce, “Heart Mountain and South Fork Thrusts, Park County, Wyoming,” Bull. 
Amer, Assoc. Petrol. Geol., Vol. 25, No. 11 (November, 1941). 
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of deep-seated normal diagonal shears. In fact, the phenomenon is of common occurrence 
over the salt domes of the Gulf Coast. However, for that situation to develop, it is neces- 
sary to ascend the section far enough for faults originating at opposite sides of the plug to 
intersect. Below that intersection, the strata between the two fault planes constitute a 
horst. 

So I shall stick to my original thesis, that as the primary cause of superficial faulting, 
which is normal in aspect, dips at relatively high angles, shows no evidence of lateral 
movement, and dies out with depth, we must look to the stress which could be present 
only in the outer layers of an arch and must die out downward, namely, tension. 

Further detailed discussion of Longwell’s remarks is impossible in the time available. 
However, I may say that in our broader conceptions regarding the nature of faulting, 
the points of agreement appear to far outweigh the points of difference. In that respect, 
his discussion adds measurably to my general thesis, and the profession is bound to benefit 
from any honest debate of points of actual or apparent conflict. 

I regret that he does not concur in my opinion about the desirability of a genetic 
classification, since I am firmly convinced that without some such classification in which 
specific criteria are set up for identification of the various types of failures, there can be 
little hope for an end to the existing confusion on the subject. We can hardly expect 
geologists to refrain from speculating about the nature of the forces involved in the struc- 
tural features which they observe, nor does it seem desirable that they should. The con- 
structive attitude would seem to be to try to guide that speculation toward reasonable 
conclusions, and to halt the indiscriminate coinage of names for the various types of faults 
through the agency of some such classification as that I have proposed. 

My classification may not be perfect, and I welcome suggestions for its improvement; 
but the mere fact that it does not insure the correct genetic classification of every fault 
encountered hardly seems an adequate reason for abandoning all attempts to do so. I be- 
lieve we may expect more accurate reporting if the geologist is consciously searching for 
diagnostic criteria as to genetic type than if we absolve him from all responsibility except 
a routine description of the geometric relations involved. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available for loan, to mem- 
bers and associates. 


RECENT PUBLICATIONS 


ARKANSAS 


“The Magnolia Oil Field, Columbia County, Arkansas,” by Charles B. Carpenter, 
H. J. Schroeder, and Alton B. Cook, U. S. Bur. Mines R. I. 3720 (November, 1943). 
Petroleum-engineering study in codperation with the Arkansas Oil and Gas Commission. 
Free. 
CALIFORNIA 


*“Huntington Beach Oil Field—Old Field Portion,” by James T. Carriel. California 
Oil Fields, Vol. 28, No. 1 (San Francisco, January-June, 1942; published November, 1943), 
PP. 714; 5 pls. 

*“East Coalinga Extension Oil Field,” by E. J. Kaplow. Ibid., pp. 15-29; 5 pls., 7 
tables. 

COLOMBIA 


*“First Generalized Geologic Compilation Map of Colombia,” by Victor Oppenheim. 
Acad. Colombiana Ciencias Exactas Fisicas Naturales (Bogota, 1943). Sheet, 27X39 
inches; in colors. 

GENERAL 


*“Oil Zones of the United States—Oligocene,”’ compiled by Oil and Gas Journal, Vol. 
42, No. 23 (Tulsa, October 14, 1943), p. 52B. 

*“Tbid. “Miocene-Pliocene.” Vol. 42, No. 25 (October 28, 1943), p. 64B. 

*“Oil and Gas Field Development in United States,” compiled by National Oil Scouts 
and Landmen’s Association, Vol. 13 (Austin, Texas, 1943). Year Book 1943. “Review for 
1942 of geological and geophysical prospecting, land and leasing activities, wildcat ex- 
ploration, proven field development, oil and gas production, pipe line and refinery statis- 
tics.” Edited by Edw. C. Harman and E. J. Raisch. Cloth-bound. Outside dimensions, 
8 X10.75 inches. Price, $7.50. 

“Oil and Gas Fields of the United States,”’ map prepared by W. G. Pierce, Jane Hanna, 
and E. J. Aberdeen. Revised, March, 1943. Scale, 1: 2,500,000 (1 inch equals 40 miles). 
2 sheets, each 42 X52 inches. Sold by the director of the U. S. Geological Survey, Wash- 
ington 25, D.C. Price, $1.00. 

The Mines Magazine (October, 1943). 8th Annual Petroleum Number of the Colorado 
School of Mines Alumni Association. 108 pp., containing 16 articles with 75 illustrations, 
2 maps, 8 drawings, and 11.tables. The Mines Magazine, 734 Cooper Building, Denver, 
Colorado. Price, $1.00. 

*“Criteria for Determining an Oil-Field’s Susceptibility to Secondary Recovery,” by 
American Petroleum Institute Division of Production Topical Committee on Production 
Practice, Subcommittee on Secondary-Recovery Methods. Oil and Gas Jour., Vol. 42, 
No. 27 (November 11, 1943), pp. 188-98. 

*“Preliminary Field Tests for Determining Required Injection Volumes and Pressure, 
and Plant Capacity,” by Jo H. Cable. Ibid., pp. 199-208. 

*“Surface Tension Effects in Secondary Recovery,” by Paul D. Torrey. Jbid., pp. 
210-14; 3 figs. 
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*“Geologic Factors Influencing Secondary Recovery,” by C. R. Fettke, P. A. Dickey, 
D. Rogers, Jr., P. D. Torrey, and C. J. Wilhelm. Jbid., pp. 216-24. 

*“A New Application of Water Injection for Maintaining Reservoir Pressure and 
Increasing Natural Drive,” by William L. Horner and D. R. Snow. Ibid., pp. 226-34; 
10 figs. 

Minerals in World Affairs, by T. S. Lovring. Edited by Norman E. A. Hinds. 394 pp., 
40 figs., 51 tables. Chapter 7, “Petroleum,” pp. 136-69. Prentice-Hall, Inc., 70 Fifth 
Avenue, New York. Price, $5.35. 

*“Geographical Distribution of the World’s Oilfields,” by E. N. Tiratsoo. Petroleum, 
Vol. 6, No. 10 (London, October, 1943), pp. 150-51. 


ILLINOIS 


“Subsurface Structure and Oil Possibilities of Parts of Edwards, Richland, and Wabash 
Counties,” by William H. Easton. Illinois Geol. Survey, Illinois Petrol. 46 (Urbana, 
October, 1943). Price, $0.25 plus $0.015 postage. Free to residents of Illinois. 

“Subsurface Structure of Base of Kinderhook-New Albany Shale in Central and South 
Illinois,” by A. H. Bell. Zbid., R. I. g2. Pl. I folded in pocket. 

“Wildcat Drilling in Illinois since 1936 with Discussion of Prospects for Further 
Discoveries, and Table of Wildcat Wells Completed in 1942,” by C. W. Carter. Illinois 
Geol. Survey, Illinois Petroleum 47 (Urbana, November, 1943). Price, $0.25. 

“Chemical Characteristics of Illinois Crude Oils with Discussion of Their Geologic 
Occurrence,” by O. W. Rees, P. W. Henline, and A. H. Bell. Jbid., R. I. 88. Price, $0.25. 


KANSAS 


“Survey of Subsurface Brine-Disposal Systems in Western Kansas Oil Fields.” U. S. 
Bur. Mines R. I. 3719 (Washington 25, D. C., 1943). Free. 


LOUISIANA, TEXAS, ARKANSAS 
“Engineering Study of the Rodessa Oil Field in Louisiana, Texas, and Arkansas,” by 


H. B. Hill and R. K. Guthrie. U. S. Bur. Mines. R. I. 3715 (Washington 25, D. C. 1943). 
126 pp., 58 tables and 68 illus. Free. 


NEW YORK 
*“Mohawkian Series on West Canada Creek, New York,” by G. Marshall Kay. Amer. 
Jour. Sci., Vol. 241, No. 1o (New Haven, Connecticut, October, 1943), pp. 597-606; 3 
figs. 
OKLAHOMA 


“History of Water-Flooding of Oil Sands of Oklahoma,” by D. B. Taliaferro and 
David M. Logan. U. S. Bur. Mines R. I. 3728 (November, 1943). Contains 54 illus. Free. 


PERU 


*“The Geology of the Central Andes in Part of the Province of Junin, Peru,” by John 
Vernon Harrison. Quar. Jour. Geol. Soc. London, Vol. 99, Nos. 393-94 (London, August 19, 
1943), Ppp. 1-36; 18 text figs., 8 pls. (10 photographs), folded geologic map in colors; 
geologic sections in colors. 


TEXAS 


“Analysis of Oil Production in the Near-Depleted Mexia-Powell Fault-Line Fields of 
Texas,” by H. B. Hill and R. K. Guthrie. U. S. Bur. Mines R. I. 3712 (October, 1943). 
83 pp., 33 tables and zo illus. Free. 
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WYOMING 


*“Structural Geology and Oil Possibilities of the Big Horn Basin, Wyoming,” by 
W. T. Thom, Jr. Oil Weekly, Vol. 111, No. 9 (Houston, Texas, November 1, 1943), pp. 
26-28; 4 figs. 

*Oil and Gas Fields of Wyoming (May, 1943). Base map of the U. S. Geological Survey 
with red overprint compiled by Horace D. Thomas, State geologist. Shows locations of 
fields, test wells, and areas of Tertiary volcanic rocks and pre-Cambrian rocks. Scale, 
approx. 9/16 inch=10 miles. Sheet, 24 X19 inches. Obtainable from Geological Survey 
of Wyoming, University of Wyoming, Laramie. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Volume 17, No. 6 (November, 1943). 

“Caninia from the Lower Carboniferous of New Mexico,” by Russell M. Jeffords. 

“Triceracrinus, a New Upper Pennsylvanian and Lower Permian Crinoid,” by William 
A. Bramlette. 

“Operations of Commercial Micropaleontologic Laboratories,” by Hubert G. Schenck 
and Bradford C. Adams. 

“Eocene Foraminifera from Cowlitz River, Lewis County, Washington,” by R. Stanley 
Beck. 

“Permian Ostracodes,” by Betty Kellett. 
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THE ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES 


The list of Association committees, with the names of the chairmen and the members, 
is published in the June Bulletin, pages 876-78. 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following can- 
didates for membership in the Association. This does not constitute an election but places 
the names before the membership at large. If any member has information bearing on the 


qualifications of these nominees, he should sent it promptly to the Executive Committee, 
Box 979, Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of each 
nominee.) 


FOR ACTIVE MEMBERSHIP 


Lawrence Ephriam Brock, Jr., Midland, Tex. 
W. D. Henderson, S. C. Giesey, William J. Hilseweck 
Don L. Carroll, Houston, Tex. 
. M. M. Leighton, Alfred H. Bell, Carl B. Anderson 
7 Thomas Clements, Los Angeles, Calif. 
John F. Dodge, William S. W. Kew, E. Wayne Galliher 
> Robert William Jones, Monahans, Tex. 
i E. A. Eckhardt, L. L. Nettleton, R. E. Sherrill 
; Edward Chauncey Hinman Lammers, Los Angeles, Calif. 
William S. W. Kew, R. G. Reese, Herschel L. Driver 
= Paul Leuzinger, Trinidad, B. W. I. 
7 H. H. Renz, H. H. Suter, H. G. Kugler 
Jerry Burton Lewis, Findlay, Ohio 
H. G. Walter, Ralph A. Koenig, A. N. Murray 
William Eugene Powell, Bakersfield, Calif. 
Wallace L. Matjasic, E. W. Galliher, Robert T. White 
David Brear Remick, Houston, Tex. 
R. B. Mitchell, P. H. Jennings, J. C. Montgomery 


FOR ASSOCIATE MEMBERSHIP 


John Northcraft Dahm, Corpus Christi, Tex. 
7 W. H. Twenhofel, Lloyd G. West, R. A. Stehr 
Benjamin Angel Daleon, Los Angeles, Calif. 
Boris Laiming, John P. Buwalda, Ian Campbell 
Acus Rex Edwards, Camp Sibert, Ala. 
Clinton Engstrand, W. C. Bean, H. L. Rickard 
- Benjamin Darwin Farrow, Dallas, Tex. 
> W. W. Newton, Roland F. Beers, Thomas R. Shugart 
Fred Travis Ferguson, Bakersfield, Calif. 
Lewis H. Boyd, Wallace L. Matjasic, Thomas K. Bowles 
George Edward Gosnell, Shreveport, La. 
Clement A. Weintz, Roy T. Hazzard, R. M. Wilson 
Melvin Medford Fenichell, Lincoln, Mass. 
Roland F. Beers, W. W. Newton, Thomas R. Shugart 
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Nolan Hirsch, San Antonio, Tex. 
Hal P. Bybee, F. L. Whitney, Fred M. Bullard 


Mary Loreen Holland, Houston, Tex. 
Hal P. Bybee, F. L. Whitney, Fred M. Bullard 


Mary Janet Hoover, Wichita, Kan. 
Frank W. DeWolf, Harold R. Wanless, Robert G. Kurtz 


Elvin Millard Hurlbut, Jr., Austin, Tex. 
Fred M. Bullard, E. H. Sellards, H. B. Stenzel 


Wilbert S. Larson, Jr., Shawnee, Okla. 
M. N. Broughton, Bernhard E. Bremer, George H. Clark 


Richard Freeman Neal, Austin, Tex. 

L. C. Snider, Hal P. Bybee, E. L. Earl 
Dorothy Helen Sinex, Fort Worth, Tex. 

H. B. Fuqua, C. D. Cordry, Gayle Scott 


Frances Tuttle, Shreveport, La. 
Charles Nevin, H. Ries, M. G. Mehl 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Charles H. Pishny, Fort Worth, Tex. 
Dollie Radler Hall, J. F. Hosterman, Jess Vernon 


ADDITIONAL APPLICATIONS APPROVED 
FOR ACTIVE MEMBERSHIP 


Howard H. Lester, San Antonio, Tex. 

Frank Goldstone, Leo R. Newfarmer, P. S. Morey 
Vilas P. Sheldon, Artesia, N. Mex. 

R. U. Fitting, Jr., F. J. Schempf, Walter G. Moxey 


Erik Norman Waering, Mexico, D.F., Mex. 
E. W. Fosshage, Donald L. Norling, Donald W. St. Clair 


FOR ASSOCIATE MEMBERSHIP 


Howard T. Anderson, Rosemead, Calif. 
Edwin D. McKee, M. N. Bramlette, Cordell Durrell 
Elsie Bernardine Chalupnik, Corpus Christi, Tex. 
F. L. Whitney, Frith C. Owens, J. J. Travis 
Philson Delp Collins, Jr., Tulsa, Okla. 
A. N. Murray, R. A. Brant, Jerry E. Upp 
James Anthony Simons, Tulsa, Okla. 
Edward J. Foley, F. A. McKinnon, Sam H. Houston 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Roger Sylvis Mahoney, Strafford, Pa. 
E. E. Brossard, P. E. Nolan, Philip Andrews 
H. Claire Matheny, Tyler, Tex. 
Selden R. Self, L. B. Benton, Lynn L. Harden 
Harry David Pennel, Lafayette, La. 
John L. Ferguson, J. F. Hosterman, James W. Kisling, Jr. 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The Houston Geological Society recently listened to the following speakers: on Octo- 
ber 21, R. C. CrAsE, of the Humble Oil and Refining Company, “Development and Con- 
trol of Oil Reservoirs”; on November 4, A. J. BAUERNSCHMIDT, of the Magnolia Petroleum 
Company, “West Ranch, Jackson County, Texas.” 


The Rocky Mountain Association of Petroleum Geologists, Denver, Colorado, heard 
Colonel C. C. GEE, of the Colorado School of Mines, discuss, ‘Military Geology,” on 
November 1. 


The Shreveport Geological Society presented F. A. MELTON, of the University of 
Oklahoma, on the regular meeting program of November 2. The subject was ‘“Interpreta- 
tion of Aerial Photographs.” 


Max W. BALL, organizer, and until recently consultant and president of Abasand Oils, 
Ltd., mining the Athabaska tar sands of northern Alberta, Canada, may be addressed at 
his permanent location in the First National Bank Building, Denver, Colorado. 


Grant W. Corsy, geologist, engineer, and formerly mayor of Arcadia, California, 
more recently with the United States Geological Survey in Manila, and interned in Shang- 
hai for a year, has been returned to the United States. His home is Beverly Hills, Cali- 
ornia. 

CHARLES V. MILLIKAN, chief petroleum engineer for the Amerada Petroleum Cor- 
poration, Tulsa, Oklahoma, has been awarded the 1944 Anthony F. Lucas gold medal 
for “outstanding contributions to engineering in the development and production of 
petroleum.” 

Major W. A. Tuomas, district geologist for the Ohio Oil Company in Michigan, 
is serving in the Army. During the other World War he was in the Navy. 


James Terry Duce has resigned from the Petroleum Administration for War, Foreign 
Division, to resume his position as vice-president of the California Arabian Standard Oil 
Company, San Francisco, California. 

Wrt11AM B. HEroy, recently director of the reserves in the Petroleum Administration 
for War, is now the head of the Foreign Production Division. 


W. E. WRATHER, director of the United States Geological Survey, and E. DEGOLYER, 
consultant for the Petroleum Reserves Corporation, are visiting the Near and Middle 
East to look over drilling prospects. 


Fanny C. Epson, micropetrologist, is with the United States Geological Survey. 
Her address is 209 York Rite Building, Wichita, Kansas. 


Jerome B. SassE, recently economic analyst in petroleum, with the United States 
Board of Economic Warfare at Washington, D. C., is geologist with the Phillips Petroleum 
Company at Houston, Texas. 


Joun RIcHARD CRAIN has resigned from the British-American Oil Producing Company 
to join the Ashland Oil and Refining Company, Tulsa, Oklahoma. 


Captain JoHn V. TERRILL is with the Army-Navy Petroleum Board, Room 2830, 
Navy Building, Washington, D. C. 
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H. W. Tuoms, of Bakersfield, California, is with the United Geophysical Company, 
Inc. Casilla 600, Punta Arenas, Chile. 


Joun H. McCammon has left the Office of the Petroleum Administration for War. 
He may be addressed in care of the Bridwell Oil Company, Alice, Texas. 


DorotHy BAUMEISTER SPEZIALE is employed as research assistant in the subsurface 
laboratory of the Illinois Geological Survey at Urbana, Illinois. 


FRED FRANK Koryza, of Crete, Nebraska, formerly with the Fullerton Oil Company, 
Hobbs, New Mexico, has joined the Navy. 


Wit1aM E. Wattts has left the West India Oil Company, San José, Costa Rica, to 
join the Standard Oil Company of Cuba at Havana, Cuba. 


Etwyn R. Owen has been promoted from assistant to district geologist with the 
Phillips Petroleum Company at Shawnee, Oklahoma. 


Epwarp A. HurrMaN, formerly with the Skelly Oil Company, is now with the J. M. 
Huber Corporation, Wichita, Kansas. 


Cary P. ButcueEr, formerly with the Tide Water Associated Oil Company and more 
recently in consulting work at Midland, Texas, is employed by the Richfield Oil Corpora- 
tion, with headquarters at Midland. 


N. W. Bass, of the United States Geological Survey, has been transferred from Tulsa 
to Denver. 


Wittram C. STEUBING, owner of the Helvetia Oil Company, San Antonio, Texas, 
died October 28, at the age of 62 years. 


FREEMAN WARD, State geologist of South Dakota, 1915-1926, and professor of geol- 
ogy at Lafayette College, Easton, Pennsylvania, 1926-1943, died September 14, at the 
age of 64 years. 


A. R. DENtsoNn, president ofthe Association, discussed, ‘Association Affairs and the 
Work of Geologists in Wartime,” at the regular meeting of the Tulsa Geological Society, 
November 22. 


F. B. PLumMer, of the Bureau of Economic Geology, Austin, Texas, talked on 
“Chemistry of Oil Brines and Oil-Field Waters,” before the Houston Geological Society, 
November 18. 


Ernest J. Murpock, formerly with the Shell Oil Company, Inc., is now employed 
by the Atlantic Refining Company, Houston, Texas. 


Victor E. OprpENHEIM, of Bogota, Colombia, will reside in Lima, Peru, c/o Bank of 
London and South America, for some time, while engaged in geological consulting work 
for the Peruvian Government. 


FREDERICK M. Swat, recently with the Phillips Petroleum Company at Shreveport, 
Louisiana, is associate professor of mineral economics at the Pennsylvania State College, 
State College, Pennsylvania. 


Gait F. Moutron, who has recently been engaged in oil-producing operations and 
consulting work at Lawrenceville, Illinois, has joined the staff of the Department of 
Petroleum Economics of the Chase National Bank as geologist. 
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Wrtarp D. Pye, of The Texas Company, discussed, ‘‘Sedimentological Studies of 
the Bethel Sandstone of South-Central Illinois,” before the Indiana-Kentucky Geological 
Society at Evansville, Indiana, November 5. 


W. V. Howarp, field editor of the Oil and Gas Journal for the past 4 years, has re- 
signed to engage in geological consulting practice. His office is in the McBirney Building, 
Tulsa, Oklahoma. 


Major ALBERT CLINKSCALES, formerly consulting geologist at Oklahoma City, is 
attached to the Allied Military Government in the North Africa region. 


W. B. SINCLAIR, formerly with the Amerada Petroleum Corporation, has an office for 
consulting practice at 520 Thompson Building, Tulsa, Oklahoma. 


Wrtt1AM C. BEepnar, professor of petroleum engineering at the University of Okla- 
homa, has accepted a position as production superintendent with Northern Ordnance, 
Inc., Tulsa, Oklahoma. 


M. H. S. BARKER, who has been in England with the Ministry of Economic Warfare, 
in 1943, has been released to return to oil-company work. His address is The Anglo 
Egyptian Oilfields, Limited, Shell House, P. O. Box 228, Sharia Cherifein, Cairo, Egypt. 


J. ARcHER CULBERTSON, is now division geologist in the Gulf Coast district, for the 
Continental Oil Company. His address is 6100 Land Gas Building, Houston, Texas. 


Lieutenant FRANK J. GARDNER has been transferred from Ordnance Department, 
Army of the United States, to the Petroleum Resources Division of the Allied Military 
Government. This is a new army activity; officers appointed are sent to Fort Custer, 
Michigan, for one month’s instruction in basic principles of military government, then to 
various universities in the United States for 4 months’ specialized training. Upon assign- 
ment to the overseas theater, they will be charged with administration of petroleum 
development and conservation in territories occupied by United Nations forces. 


Secretary R. L. Hewitt, of the San Joaquin Geological Society, Bakersfield, Cali- 
fornia, reports the conclusion of another successful year for his society. Special speakers 
included CLAUDE E. ZoBELL, PAUL D. Kryning, and Lieutenant-Colonel Gorr. Papers 
were given on stratigraphy, paleontology, and geophysics by local members. One meeting 
was a symposium “How to Increase the Discovery Rate.” On October 12, the following 
A.A.P.G. officers visited the society: president, A. RoDGER DENISON; vice-president, 
Rosert W. CLarkK; past-president, Fritz L. Aurtn; and secretary-treasurer, ROBERT E. 
ReEttTGER. The society is conducting a series of talks by PAuL PAINE on ‘‘Valuation of Oil 
Property.” The following officers have been elected for 1944: chairman, GLENN C. FERGU- 
son, Union Oil Company; vice-chairman, THomas K. BowLegs, Ohio Oil Company; 
secretary-treasurer, NoRMAN L. Tuomas, Pure Oil Company. Visiting geologists and 
friends are welcome at the society’s meetings. 


Freperic F. MELLEN, formerly consulting geologist, has joined the British-American 
Oil Producing Company as district geologist for Mississippi and Alabama. His office is 
1007 Tower Building, Jackson, Mississippi. 


Gorpon W. SEREN, formerly with The Texas Company, has joined the Tide Water 
Associated Oil Company as assistant district geologist at Houston, Texas. 


Lieutenant-Colonel B. CotemMaN RENIcK has been transferred from Oklahoma City 
to Kelley Field, San Antonio, Texas. 
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CHARLES NEWTON GOULD, director of the Oklahoma Geological Survey, 1924-1931, 
and WILLIAM EmBry WRATHER, director of the United States Geological Survey, were 
elevated to honorary membership in the Association, by action of the executive com- 
mittee in meeting at Los Angeles, California, October 13, for “distinguished service to the 
cause of petroleum geology.” 


The Dallas Petroleum Geologists have elected new officers for 1944: president, 
JosEPH M. WILson, independent operator; vice-president, HENry C. Cortes, Magnolia 
Petroleum Company; secretary-treasurer, H. C. VANDERPOOL, Seaboard Oil Company. 
Crcit H. GREEN, Geophysical Service, Inc., is a member of the executive committee. 


The New Orleans Geological Society has elected the following new officers: president, 
H. C. PETERSEN, Freeport Sulphur Company; vice-president and program chairman, 
DEAN F. Metts, Humble Oil and Refining Company; secretary-treasurer, B. E. BREMER, 
The Texas Company, Box 252, New Orleans 9, Louisiana. 


Joun R. FANsHAWE, II, has been appointed director of reserves for District IV of the 
Petroleum Administration for War. His address is 320 First National Bank Building, 
Denver, Colorado. 


W. E. WALLACE, JR., professor of geology at Centenary College, Shreveport, Louisiana, 


presented a paper on “Deep-Seated Salt Domes of South Louisiana,” at the regular 
meeting of the Shreveport Geological Society, November 30. 


SIDNEY POWERS MEMORIAL MEDAL FUND 
DONATIONS BY STATES 


November 30, 1943 


District of Columbia..... 20 New Mexico............ 4 


CONTRIBUTIONS BY AMOUNTS 
November 30, 1943 
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29TH ANNUAL MEETING, DALLAS, TEXAS, MARCH 22-23, 1944 


The 29th annual meeting of the Association will be held at the Baker Hotel, Dallas, 
Texas, at the invitation of the Dallas Petroleum Geologists. The Society of Exploration 
Geophysicists will meet on March 21, and the Society of Economic Paleontologists and 
Mineralogists will meet on March 23. This second war-time conference of the three ex- 
ploratory groups will be confined strictly to business and technical sessions. Research 
conferences and committee meetings will be held on March 21. Attendance at this year’s 
meeting will be necessarily limited. No entertainment is being planned. It is emphasized 
that no member should come to Dallas unless he has confirmation of room reservation. 
Due to very limited hotel space, there will be no possibility of accommodating wives. 
Rail reservation should be made far in advance. 

The program will again be restricted to subjects of broad general interest and no 
papers of local interest only will be placed on the oral program. Titles of papers, with 
abstracts, for inclusion in the printed program, should be submitted by February 15 to 
A.A.P.G. headquarters, Box 979, Tulsa 1, Oklahoma. 

President Denison announces the following committees and chairmen. 


General chairman Joseph M. Wilson 
Technical program F. H. Lahee, chairman 

S. A Thompson, co-chairman 
Technical arrangements C. B. Carpenter 
Hotels Eugene McDermott 
Finance H. C. Vanderpool 
Reception : Dilworth S. Hager 
Registration L. W. MacNaughton 
Educational exhibits Edgar Kraus 
Publicity J. Edward Morrow 


The newly elected officers of the Dallas Petroleum Geologists are the following. 


President Joseph M. Wilson 
Vice-president Henry C. Cortes 
Secretary-treasurer H. C. Vanderpool 
Past-president S. A. Thompson 
Member executive committee Cecil H. Green 


Lieutenant ARTHUR L. BoWSHER is with the 780th Engr. Pet. Dist. Co., E U T C, 
sth Prov. Trng. Regt., Camp Claiborne, Louisiana. He has recently been teaching in 
Primary Training School, ‘‘Erection of Bolted Steel Tanks.” 


Major A. E. McKay, geologist with the Atlantic Refining Company, is in the Tactical 
Air Division, A.A.F.T.A.C., Orlando, Florida. 


Louis CLAUDE Roark, son of Louis Roark, Tulsa, Oklahoma, has been awarded the 
Purple Heart and the Air Medal with two oak-leaf clusters. He is in the Air Corps some- 
where in the Pacific region. 


RoBERT BARLING, formerly with the Miller Geophysical Company, is with the Cities 
Service Oil Company at Tyler, Texas. 


Cuar es H. Pisuny, formerly valuation engineer for the Amerada Petroleum Corpora- 
tion, Tulsa, Oklahoma, has resigned to enter consulting practice as a member in the 
partnership of Cummins, Berger, and Pishny of Fort Worth, Texas, consulting geologists 
and valuation engineers. 
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RESEARCH NOTES 


SUMMARY OF IMPORTANT DEVELOPMENTS IN 
PETROLEUM GEOLOGY, 1943 


F. M. VAN TUYL! 
Golden, Colorado 


The annual review of petroleum geology inaugurated in 1942 by certain members of 
the staffs of the departments of geology, geophysics, and petroleum engineering of the 
Colorado School of Mines? under the sponsorship of the research committee of the Associ- 
ation is to be continued under the same authorship. 

A condensed statement covering the outstanding developments in petroleum explora- 
tion in 1943 will be presented at the annual meeting at Dallas and the more extended 
report will be published in the April issue of the Quarterly of the Colorado School of 
Mines. 

The accompanying outline indicates the scope of the review. 


REVIEW OF PETROLEUM GEOLOGY IN 1943 
I. Introduction 
Purpose and scope of review. Method of procurement of data 


II. Important events of the year 
1. Outstanding recognitions and appointments of members of profession. Loss of prominent 

members by death 

. Influence of war on petroleum geology 

. Contributions of petroleum geologists to the war effort both within and without the armed 
services 

. Important symposia and conferences on subjects of interest to geologists 

. Significant investigations completed or in progress 


on 


III. Advances in petroleum geology and allied subjects 
1. New concepts 
2. New developments and trends in training of geologists and geophysicists 
3. New maps and publications of general interest 
4. Contributions on fundamentals of petroleum geology 
a. Origin 
b. Source beds 
c. Migration and accumulation 
d. Time of accumulation 
e. Reservoirs of oil and gas 
f. Types of traps and their classification 
g. Oil-field waters 
5. Important developments in basic geologic sciences 


. Geomorphology 

. Sedimentation 

. Stratigraphy 

. Sedimentary petrography 

. Structural geology 
Paleontology 

. Field geology 

. Regional geology 


1 Member, research committee. 
2 Quarterly of the Colorado School of Mines, Vol. 38, No. 3 (July, 1943). 
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evelopments in geophysics 
. Seismic methods 

. Gravity methods 

. Magnetic methods 

. Electrical methods 

. Radioactive methods 

. Well logging (geophysical) 


6. 


mono 


Electrica 
Geothermal 
Hydrocarbon 
Radioactive 
Others 
7. Progress in geochemistry and geobiology 
8. Developments in petroleum engineering 
a. Well logging (mechanical) 
b. Core analysis and core orientation 
c. Secondary recovery 
d. Others 
9. Aerial photographs 


IV. Miscellaneous new and improved techniques 


1. Fluorescence 
2. Spectroscopy 
3. Others 


V. Important discoveries 
1. Of unsuspected geological and/or geophysical conditions 
2. New petroliferous provinces in the United States 
3. Discovery of deeper “pays” in the United States 
4. Foreign countries 
a. New countries found to be productive 
b. New provinces in producing countries 
c. Extensions of outstanding importance 
d. Discoveries at greater depth 
5. Bearing of these on field of petroleum geology 


VI. Contributions of petroleum geology to pure geology 


VII. Production and reserves 
1. New estimates of domestic and foreign reserves of oil and gas 
2. New procedures and ideas in estimating reserves 
3. New ideas on conservation and secondary recovery and their influence on reserves 


VIII. Trends in petroleum geology and geophysics 
1. Geology 
2. Geophysics 


IX. References 
All readers of the Bulletin having knowledge of any new developments or trends not 


adequately treated in the literature or described in publications not easily available are 
urged to communicate with F. M. Van Tuyl, Golden, Colorado, before the end of January, 


1944. 
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Esperson Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
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TEXAS 


CUMMINS, BERGER & PISHNY 


Consulting Engineers & Geologists 


Specializing in Valuations 


1603 Trinity Bldg. Reich H. Cummins 
Fort Worth 2, Texas Walter R. Berger 
Chas. H. Pishny 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


E. DgGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


JOHN M. HILLS 


Consulting Geologist 
Midland, Texas 


J. E. (BRICK) ELLIOTT 
Petroleum Engineer 
Houston Club Houston, Texas 


Duration address: Major J. E. Elliott 
Dallas Chemical Warfare Procurement Office 


Box 418 Phone 1015 700 Mercantile Bank Bldg., 106 Ervay St., 
Dallas, Texas 
F. B. Porter R. H. Fash W. G. Savitte J. P. ScHuMACHER A. C. PAGAN 
President Vice-President GRAVITY M » LORATION CO 
THE FORT WORTH ETER EXE ° 
LABORATORIES TORSION EXPLORATION 


Analyses ef Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


828% Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


Gravity Surveys 
Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 
Geologist Natural Gas Petroleum 
Gulf Bldg. HOUSTON, TEXAS DriscoLt BLDG. CORPUS CHRISTI, TEXAS 
J. S. HupNALL G. W. Pints JOHN S. IVY 
HUDNALL & PIRTLE 
Geologist 


Petroleum Geologists 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


1124 Niels Esperson Bldg., HOUSTON. TEXAS 
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TEXAS 


W. P. JENNY 
Consulting Geologist and Geopbhysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys, 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


DABNEY E. PETTY 
10 Tenth Street 


SAN ANTONIO, TEXAS 


or Houston, Texas No Commercial Work Undertaken 
J. C. POLLARD ROBERT H. RAY 
Robert H. Ray, Inc. ROBERT H. RAY, INC. 
Rogers-Ray, Inc. Geophysical Engineering 
Geophysical Bugineering Gravity Surveys and Interpretations 
If Buildi 
Gulf Bldg. Houston, Texas 
F. F. REYNOLDS Rooms 
E 
Geopbhysicist 
BY 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


Geophysics and Geochemistry 


Esperson Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


WEST VIRGINIA 


DAVID B. REGER 
Consulting Geologist 
217 High Street 


MORGANTOWN WEST VIRGINIA 


WYOMING 


E. W. KRAMPERT 
Geologiss 
P.O. Box 1106 
CASPER, WYOMING 


( 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO ILLINOIS 
ILLINOIS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS 
DENVER, COLORADO President - + - + + + + Darsie A. Green 
« Raloh D. Copley The Pure Oil Company, Box 311, Olney 
Pie ifornia E. Erdmann Vice-President + + + + Clark T. Snider 
S. Geological Survey, Lario Oil and Gas Company, Mt. Vernon 
2nd John E. Blixt 
Us. Geological Survey, 208 Geman House Magnolia Petroleum Corp., Box 535, Mt. Vernon 


see meetings, first and third Mondays of each 
month, 6:15 P.M., Cosmopolitan Hotel. 


Meetings will be announced. 


INDIANA-KENTUCKY 


KANSAS 


INDIANA-KENTUCKY 


GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - - - - + + - George R. Wesley 
Skelly Oil Co. 


Vice-President - - - + + + Robert F. Eberle 
The Superior Oil Company 


Secretary-Treasurer - - + + Hillard W. Bodkin 
The Superior Oil Company 


Meetings will be announced. 


KANSAS 
GEOLOGICAL SOCIETY 
WICHITA. KANSAS 
President - - E. P. Philbrick 
Magnolia Petroleum Com any 
Amerada Petroleum Cor 
Ellis-Singleton Building 
ei of Vell Log Bureau - Harvel E. White 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
Visitors cordially welcom 
The Society sponsors the Keness Well Log Bureau 
— is located at 412 Union National Bank 
uilding. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, woe 
President - - W. Hoover 
The California Co., 1818 Bide 


Vice-President - - - H. C. Petersen 
Freeport Sulphur Co., American Bank Bldg. 


- + W. J. Gillingham 
Schlumberger Well Surveying Corporation 
452 Canal al Bldae 


Meets the first Monday of every athe, 7:30 P.M., 
St. Charles Hotel. Special meetings by announce- 
ment. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


President - - W. H. Spears 
Union Producing Company, ‘Drawer 1407 
Vice-President - - - + T.H. Philpott 
Carter Oil Company, Drawer 1739 


- E. P. Ogier 
Spooner, Box 1195 

Meets Tuesday of every month, September 

to May, inclusive, 7:30 P.M., Criminal Courts 

Room, Caddo Parish Court House. Special meetings 

and dinner meetings by announcement. 


LOUISIANA MICHIGAN 
SOUTH LOUISIANA GEOLOGICAL MICHIGAN 
SOCIETY GEOLOGICAL SOCIETY 
LAKE CHARLES, LOUISIANA 
President - - - Geo Lindberg 
President - - H. E. McGlasson Sun Oil Company, Toledo Ohio 
Stanolind oil and Gas Company Vice-President - - - Edward J. Baltrusaitis 
eines “Oa ed ae C. B. Roach Gulf Refining Company, Box 811. Saginaw 
Secretary - L. Morrow Secretary-Treasurer - - Mrs. Lucille Esch 
Magnolia Petroleum ‘Company State Geological Survey, Lansing 
Treasurer- - - D.N. Rockwood nr, Manager - William Schulz 


Union Producing Company 


Meetin Luncheon ist. Wednesday at Noon 
( 12:00) and business meeting third Tuesday of each 
month at 7:00 p.m. at the Majestic Hotel. Visiting 
geologists are welcome. 


Cities Service Oil Mt. Pleasant 


Meetings: Bi-monthly from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 
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OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


Presiden K. Spooner 
The “Atlantic Refining 2407 


Vice- President - Lyman C. Dennis 
Pure Oil ‘Company, Box omg 


Secretary-Treasurer L. Morgan 


Consulting, } Edwards “Hotel 


Meetings: First and third Wednesdays of each 
month _,from October to May, inclusive, at 7:30 
p.m., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


C. Hannum 
Vice-President - - J. P. Gill 
Sinclair Prairie “Oil Company 
J. M. Westheimer 
Samedan Oil Corporation, Box 959 


Dinner ee will be held at 7:00 p.m. on ~ 
first Wednesday of every month from October 
May, aune at the Ardmore Hotel. 


President - - - - - 
The Texas Company 


OKLA 


HOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President -_- - - I. Curtis Hicks 
Phillips Petroleum Company 
1211 First National Building 
Vice-President - E. G. Dahlgren 
Interstate oil Compact Commission 
State Capitol 
Secretary-Treasurer - - - - Theodore G. Glass 
Sinclair Prairie Oil Company 
703 Colcord Building 
Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
——s 24th Street and Blackwelder. Luncheons: 
Every Thuredis, at 12:00 noon, Skirvin Hotel 

Coffee Shop. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - - Edwin A. Dawson 
1829 N. Broadway 
Vice-President McAninch 
Stanolind Oil ‘and Gas edndniaet x 1099 


Secretary-Treasurer - - + Marcelle Mousley 
Atlantic Refining Company 


Meets the fourth Thursday of each month at 8:00 
ph at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, 
President - bert E. Garrett 
Consulting “Geologist, 301, Building 


1st Vice-President - - J. V. Howell 
912 Philtower 


2nd Vice-President - - - + + + Jerry E. Upp 
Amerada Petroleum Corpora” 


Jam 
Inc., “625 Wright Side. 


Roy L. Ginter 


Secretar Price 


Editor 


Ginter Laboratory 


Meetin First and third Mondays, each month, 

from Octobe ber to May, inclusive, at 8:00 P.M., 

University of Tulsa, Kendall Hall Be 

ete Every Tuesday (October-May), Brad. 
ote! 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 
CORPUS CHRISTI, TEXAS 


President + - h C. Owens 
‘Consulting, ‘Nixon Building 
Vice-President E. D. Pressler 


Humble Oil and | Refining ‘Company, Box 1271 


Secretary-Treasurer - - hn Bruce Scrafford 
Consulting, Driscol ‘Building 


Regular luncheons, every Wednesday, Petroleum 
Room, Plaza Hotel, 12:05 p.m. Special night meet- 
ings, by announcement. 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 
President - S. A. Thompson 
Magnolia Petroleum “C., P. O. Box 900 


Vice-President - oseph M. Wilson 
Continental Buil ing 


Secretary-Treasurer - - + + + Robert I. Seale 
Well Surveying Corporation 
Balding 
Republic Natural Gas Houseman 


Meetings: Regular luncheons, first Monday of each 
month, 12:00 noon, Petroleum Club, Adolphus 


Hotel.’ Special night meetings by announcement. 
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TEXAS 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 

President G. J. Loetterle 
Shell Oil ‘Company, Inc., “Box 2037 

Vice-President - - B. W. Allen 

Gulf Oil Corporation 
Secretary-Treasurer  - L. L. Harden 
Sinclair Prairie Oil Company, Box 1100 
Executive Committee - - - J. H. McGuirt 
Magnolia Petroleum Company 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 nvon, Black- 
stone Hotel. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


President - Karl A. Mygdal 
The Pure Oil Company, Box 2107 ” 


Vice-President - - - William J. Hilseweck 
Gulf Oil Corporation 


Secretary-Treasurer - Richard H. Schweers 
Texas Company, Box 1720 


Meetings: Luncheon at noon, Texas Hotel, first 
and third Wednesdays of each month, jointly 
with Petroleum Engineers Club. Visiting geologists 
welcome. 


HOUSTON 

GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 

President - - Leslie Bowling 

Union Oil Company of California 
Vice-President W. B. Milton, Jr. 
Gulf Oil Corporation 
Secretary W. B. Moore 
Atlantic Refining Company, Box 1346 


Treasurer - - - G. J. Smith 
American Producing Company 


Regular eating held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 
Hotel. For any particulars pertaining to the meetings 
write or call the secretary. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - Wm. H. Spice, Jr. 
Consulting, 2101 Alamo — Building 
Vice-President rvey Whitaker 


Consulting, 1409 Milam Baling 


Arthur H. Petsch 
The Ohio Oil Co., 1417 Milam Building 


Meetings: Third Tuesday of each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - Dan D. Heninger 
The Ohio Oil Company, 615 Hamilton Bldg. 


Vice-President - - Dolph E. Simic 
Cities "Service Oil Co. 


Secretary-Treasurer - + + Carlos M. Fe 
Magnolia Petroleum Co., 500 Waggoner Bldg. 


Luncheons and evening programs will be an- 
nounc 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
President - - - + Fred H. Wilcox 
Magnolia Petroleum Company 


Vice-President - - + Prentiss D. Moore 
Moore Exploration Company 


Secretary-Treasurer - - - Dana M. Secor 
Atlantic Refining “Company 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


IN, WEST VIRGINIA 
P. O. Box 2385 
President - Charles Brewer, Jr. 
Godfrey L. Cabot, Inc., Box 1473 
Vice-President - - Wagner 

Public Service Commission 
Secretary-Treasurer - + Cramon Stanton 
United Carbon Company, Box 1913 
Editor - - - Robert C. Lafferty 
“In Service (Navy) 


Meetings: Second Monday, each month, ex ; 
i uly, and August, at 6:30 P.M., Kanaw 
lote 


THE SOCIETY OF 
EXPLORATION SICISTS 
- R. D. Wyckoff 


f Research and “Developm - Company 
Pittsburgh, 


Vice-President - - + William M. Rust, Jr. 
Humble Oil & Refining Company, “eR exas 


Editor 3. Sharpe . 
Stanolind Oil “and Gas ‘Company, Tulsa, 


- + Hart Brown 
Brown Geophysical Company, Box 6005 
Houston, Texas 
1 Oil Company, Inc., Houston, Texas 


Manage. dc Gallie 
P.O. Box 1 1925, ‘Washington, — 


! 
= 
! 
| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1943 xvii 


General's seismologists have acquired a rich background of experi- 
ence in geophysical exploration during nearly a decade of opera- 


tions in the nation's most active oil provinces. This experience is be- 
ing exploited fully today to help replenish our oil reserves that are 
, being drawn on so heavily to attain victory. 4 


GEOPHYSICAL COMPANY HOUSTON 


| 
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FIRST IN OIL FINANCING 


1895—1943 
The FIRST NATIONAL BANK 


and Trust Company of Tulsa 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 


Telephone L D 101 Dallas, Texas 


WARTIME 


OPERATIONS 


EASTMAN CONTROLLED EASTMAN OIL WELL 


DIRECTIONAL DRILLING 


This service includes STRAIGHTENING, DE- 
FLECTING and SIDETRACKING ... drilling 
to inaccessible locations, fault plane control 
and geologic exploration. Many other appli- 
cations also are possible through the use of 
this service. 


OIL 


“DALLAS - 


SURVEYING SERVICES 


Instruments which perform every type of oil 
well Directional survey have been developed, 
perfected and manufactured in Eastman 
shops. Accuracy of Eastman Oil Well Surveys 
are recognized throughout the industry. 


WELL SURVEYS 


LONG BEACH 


ANE 
WRECT 
* 
|} 
OS 
KERSFIELD + CASPER + OKLAHOMA CITY. + 


Whether you require a seismograph survey, a gravity 
meter survey or a magnetometer survey, the value of your 
report depends largely on the equipment, experience and 
skill of the crew in the field and their interest in your job. 

Independent’s record of many years service to the world’s 
leading oil producers . . . surveys in twenty-four states and 


in foreign fields . . . merits your consideration. 


Independent 


EXPLORATION COMPANY 


Houston, Texas 


| 
. 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA, E.M.M.Sc. 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS’ HANDBOOK has been com- 
pletely revised and enlarged. The many changes which have been made during the past two 
years in the Standard Spzcifications of the American Petroleum Institute, particularly in pipe 
specifications, are incorpcrated in the new edition. Several tables are rearranged and charts 
enlarged to facilitate their use. Table of Contents and Index are more complete. Aiso about 90 
pages of new formulae, tables, charts and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter I] —Steam 

Chapter Ill —Power Transmission 
Chapter IV —Tubular Goods 

Chapter V —Drilling 

Chapter VI —Production 

Chapter VII —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 
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The Annotated 
Bibliography of Economic Geology 
Vol. XIV, Nos. | & 2 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIII 
can still be obtained at $5.00 each. 


The number of entries in Vol. XIV is 
1,978. 


Of these, 540 refer to petroleum, gas, 
etc, and geophysics. They cover the 


in war time. 

If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


world, so far as information is available — 


GEOPHYSICS 


Volume VIII, Number 4 
(October, 1943) 


Geophysical Exploration for Stratigraphic 
Oil Traps Joseph L. Adler 
Geophysical History of the Iowa Field, 
Calcasieu and Jefferson Davis Parishes, 
Louisiana x J. Brian Eby 
Least Squares Determination of the Velocity 
Function V = Vo + kz for Any Set 
of Time Depth Data ; 
J. A. Legge, Jr., and J. J. Rupnik 
Faulting in the Billings Oilfield, Oklahoma, 
as Interpreted from Torsion Balance 
Data, and from Subsequent Drilling 
H. Klaus 
Use of the Cravity Meter in Establishment 
of Gravity Bench Marks 
E. V. McCollum and Andrew Brown 
Fault Location by Electrical Prospecting— 
an Example Paul F, Hawley 
Analysis of Gases by the Scattering of 
Electrons S. S. West 
© 


This number is obtainable by non-members 
for $2.00 ($2.20 foreign). Volume VIII com- 
plete may be secured for $6.00 ($6.50 foreign). 


SOCIETY OF EXPLORATION 
GEOPHYSICISTS 


P. O. Box 1925 Washington, D.C. 


WANTED 


If you have a copy of any or all of these A.A.P.G. publications, whole and in 
usable condition, the Association offers you the prices indicated. 


The Bulletin (SW. Assoc. Petrol. Geol.), Vol. 1 (1917) .............0505- $10.00 
5.00 
7.00 
The Bulletin (A.A.P.G.), Vol. 4 (1920), 3 Nos. complete ................ 8.00 
3.00 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


or 
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FINE EQUIPMENT CONTRIBUTES MATERIALLY TO 
THE SUCCESS OF BARRET MAGNETIC SURVEYS. 


IT’S NO MILITARY SECRET 


that fine equipment pays the client big 
dividends in Geophysical Surveying 


A Barret magnetic truck designed to accommodate, 
and transport without injurious vibration, a vertical- 
. intensity and horizontal-intensity magnetometer 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 
GIDDENS-LANE BLDG, SHREVEPORT, LA. 


“3 


/ 

=| 


PARTY CHIEF -nere’sYoURFEDRALITE 


PLASTIC SHOTHOLE CASING CATALOG 


(Everything Under One Cover) 


TITLE 


COMPANY 


ADDRESS 


NO COPIES DESIRED 


NAO 
FEDERAL ELECTRIC 
| 
700 Waug! | UF, 
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COMPARE LANE-WELLS 
ogival 4 point gun perforator bullets 


ESE 
ECK TH 


gTRENGTH OF POINT 


WITH CONICAL POINT BULLETS 


You can see for yourself the advantages of 
the new Lane-Wells “Steelflo” Ogival-Point 
Gun Perforator Bullets as compared with con- 
ical point bullets. These advantages, which re- 
sult in greater power, cleaner perforations, 
deeper penetration and better producing con- 
ditions have come from field and laboratory 


research maintained continuously for more 
than eleven years. 


of the 

shape © 

of bres. bullet 0 or affect pe 


tion. 
The 


Butler the ssrovides 


ce 


Since the “proof of the pudding is in the 
eating” call Lane-Wells for your next gun 


perforating job and get the advantages that 
Lane-Wells alone can give you. 


é 
H 
| 
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| 
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“sev is 
= a straighter pat? Today 
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TION 
PERFORA 
Branches 24 Hour Service 
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CABLE TOOL OPERATORS: 


When You Want to Know Facts about 
_ Formations Penetrated—Such As 
POROSITY : PERMEABILITY 
SATURATION : GRAIN SIZE 
COMPOSITION 


XXvi 


HERE ARE THE TYPES OF CORES THAT WILL 
GIVE YOU THAT INFORMATION 


THEY ARE BAKER CORES RECOVERED WITH A 
BAKER CABLE TOOL CORE BARREL. 
It will pay you to investigate this efficient, 
economical, easily operated device. Full de- 
tails are given in the Baker Section of your 
1944 Composite Catalog. 
BAKER O/L TOOLS, INC. 


MAIN OFFICE AND FACTORY: 


6000 S. Boyle Ave., Los Angeles, Calif., Box 127, Vernon Station 
Central Division Office and Factory: P. 0. Box 3048, Houston, Texas 
Export Saies Office: 19 Rector Street, New York City 


BAKER 


CABLE TOOL CORE BARREL 


Tha 
<a 

q 
ik 
q 
Us 
> 


now being taxed. tothe limit fo 4 the wartime of requiring efficient, : 


end reliable surveys 


going beyond its capacity to achieve dependable results, either by reducing the amount 
_ of time, expense and effort required to provide the latest type instruments and equip- 
ment for each field party, or by placing the ero for sg in the hands of 
Partially trained or inexperienced crews. 


“Thus, while continuing a healthy expansion program has been 


a part of its established makes this to its 


~ 


Any western survey made for you today will be made to the same high 
standards of accuracy and dependability as before the war... and while 
our services may not be as readily available due to current limitations, we 

will attempt to meet the demands of our clients to the best of our ability : 
and capacity anywhere in the United States. 


— A: unusually 
4 : 
: 
: : 


GEOPHYSICAL 
COMPANY 


DALLAS e TEXAS 


; 


Today, more than ever, time is precious in oil ex- 
ploration. Aerial photography speeds the geologist’s 
work, showing at a glance indications of significant 
geological structure, and important cultural data. 


Wide-angle, high-altitude aerial photography —a 
technique developed by Aero Service Corporation 


—has proved eminently satisfactory for rapid, low- 
cost reconnaissance surveys. 


Aero Service Corporation has an unmatched rec- 
ord of continuous, progressive service since 1919 
in all branches of aerial photography, survey, and 
map making. Among its clients are the principal 
cartographic agencies of the United States Govern- 
ment and many leading petroleum and mining 
companies, domestic and foreign. 


* 


Aerial Photography 
Reconnaissance Mosaics 
Precise Aerial Mosaics 

Topographic Surveys 


AERO SERVICE CORPORATION 


Since 1919 


PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 


. 
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MODEL 37 .. . Up to 1200 feet 
A light portable drilling rig for shot- 
hole drilling, shallow structure test- 
ing, and blast hole work. Equipped 
with hydraulic feeding mechanism 
for core testing and changeable to 
kelly drive for shot-hole drilling. 
Capacity 1200 ft. of 2” core or 
850 feet of 6” hole. 


MODEL 200 Core Drill up to 2000 feet 

A medium-weight portable drilling rig for deep 
structure testing or shallow slim-hole production 
drilling. Equipped with hydraulic feeding mechanism 
including automatic hydraulic chuck. Kelly drive is 
optional. Also available with rotary table for shallow 
slim-hole production drilling. Capacity 20,000 Ib. 
drilling string. 


A heavy-weight, portable drilling rig for 
slim-hole production drilling. A younger 
brother to the large oil field rotaries; 
arranged for truck mounting to speed 
up moves between drilling locations. 
Operates same as conventional rotary 
plus added features which include hy- 
dravlic and make and break guns. 
Capacity 40,000 Ib. drilling string. 


MODEL 300... Up to 3500 feet 


A LITTLE ARITHMETIC SHOWS IT’S A. 


“Let’s see ... 15 seconds saved by not having to loosen 
the chuck and 15 seconds saved by not having to 
) a= tighten the chuck is 30 seconds ... multiplied by 400 
i <a is 200 minutes. I can drill 200 more feet of hole in 200 
minutes and at 25¢ per foot this saves me $50.00 a day or the income 
on a capitalized investment of $50,000. 


Sullivan Automatic Chuck is worth £50, 000 to. mel” 
* * * 


The automatic chuck, a feature of the Sullivan No. 200 Drill, 
eliminates hand set screws and saves the time required to loosen 
and tighten them. The figures referred to above are averages. In 
some parts of the country they are low, elsewhere they are high. But 
everywhere, the automatic chuck saves labor, lowers drilling costs, 
increases drilling speed and contributes tremendously to safety. 
It is but one of the many features of superiority in the Sullivan 
line of motorized core drills, features that make the line the out- 
standing oilfield buy... SULLIVAN MACHINERY COMPANY, 
Michigan City, Indiana. In Canada: Canadian Sullivan Machinery 
Company, Ltd., Dundas, Ontario. . 


Sullivan PRODUCTS for OILFIELD USE Sullivan OFFICES 


Include Air Compressors, Hoists both Chicago, Dallas, Denver, El Paso, 
Air and Electric, Rock Drills, Motor- Los Angeles, Mexico City, New York 
ized Core Drills and Stringalite Port- and Tulsa. Branches in many other 
able Safety Lighting Cable for Derricks. principal cities throughout the world. 


SULLIVAN 


SOMPLETE LINE OF OILFIELD EQUIPMEN 


* 
{ 
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OIL INDUSTRY CARTOGRAPHY 
Base Maps for Geologic Compilations 


On scales of 1 inch to 1 mile and smaller covering Oklahoma, Kansas, Texas, Mississippi, 
Eastern New Mexico, Eastern Colorado, Southern Nebraska, Southern Illinois, Southern 
Indiana, and Western Kentucky; and % inch to 1 mile and smaller on Louisiana and 
South Arkansas, PRINTED IN STRIPS AND COMBINATIONS TO YOUR OR- 
DER at moderate prices, All parts of United States on Albers Equal Area projection, 
scale 1:1,000,00 and smaller. 


213 Kennedy Bldg. GEO. F. KELLY P. O. Box 1773 
Tulsa 1, Oklahoma 


STABILITE 


Many mud problems have been successfully 


solved with STABILITE No. 8. This superior 


chemical mud conditioner reduces the viscosity 


and gel strength of drilling muds and frees 


STABILITE is very effective in freeing 
mud of entrained gas. Mud at left is 


badly ee after properties are improved with STABILITE. The 


entrained gas. At the same time, wall-building 


beneficial effects of STABILITE are longer Jast- 


ing even when subjected to the dissipating 


effects of elevated temperatures. 


BAROID SALES DIVISION 


NATIONAL LEAD COMPANY 


BAROID SALES OFFICES: 
LOS ANGELES 12 ¢ TULSA 3 + HOUSTON 2 


YFAIN TAPES and RULES 


To get the best steel tape value for your money, 
simply ask for “Chrome Clad." It's the tape with 
jet black markings on the satin chrome surface 
that won't rust, crack, chip, or peel. 


Write for 
THE [UFHIN fpULe £9. 
SAGINAW, MICHIGAN New York City 


= 
~ 
3] 
¥ 50 UR ol: 
ED |: 
Sree, 
/ 


For 19 years Petty Geophysical Surveys and In- 


terpretations have been mapping the course for 


future oil reserves... to the end that many profit- 
able fields have been brought into successful 
production and many barren areas have been 


wisely condemned. 


PeTTy 


SAN ANTONIO, TEXAS 


| 
SEISMIC, GRAVITY AND MAGNET 
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GRAVITY SURVEYS 
GRAVITY METER EXPLORATION CO. 


and 


TORSION BALANCE EXPLORATION CO. 


ESTABLISHED 1925 


W. G. Saville J. P. Schumacher A. C. Pagan 


Eighteen years experience in making and interpreting 
gravity surveys in the United States and foreign coun- 


tries. Specializing in Underwater Gravity Meter Surveys 


1348 ESPERSON BLDG. HOUSTON, TEXAS 


JOURNAL OF PALEONTOLOGY 
JOURNAL OF SEDIMENTARY PETROLOGY 


Annual Annual Non-Member 


S.E.P.M. Dues Subscription 
JOURNAL OF PALEONTOLOGY $5.00 $6.00 
JOURNAL OF SEDIMENTARY 
PETROLOGY Em 3.00 3.00 
BOTH JOURNALS 8.00 9.00 


BACK VOLUMES AT HALF PRICE 
TO MEMBERS AND SUBSCRIBERS 


Per Vol. 
Jour. Pal., Vol. 1 (1927) unavailable 
Vol. 2 (1928)—Vol. 8 (1934), each complete, 4 Nos. ............ $3.00 
Vol. 9 (1935)—Vol. 11 (1937), each complete, 8 Nos. ............. 3.00 
1.50 
Vol. 2 (1932)—Vol. 7 (1937) each complete, 3 Nos. .............. 1.50 
BACK VOLUMES AT REGULAR PRICES 
Jour. Pal., Vol. 12 (1938)—Vol. 17 (1943), each complete, 6 Nos. .............. $6.00 
Sed. Petr., Vol. 8 (1938)—Vol. 13 (1943), each complete, 3 Nos. .............. . 3.00 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BOX 979, TULSA, 1, OKLAHOMA 


5 
j 
3 
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R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 


Oklahoma, Texas, Kansas, New Mexico, 
Louisiana, Arkansas, Illinois, Indiana, 


Kentucky, Mississippi 


GENERAL OFFICE: 
OKLAHOMA BLDG.—TULSA, OKLAHOMA 


= 
[ LAUGHLIN-SIMMONS & CO.] 
| 
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Robert H. Ray, Inc. 


GEOPHYSICAL ENGINEERING 
SPECIALIZING GRAVITY SURVEYS 


AND 


INTERPRETATION 


CONTRACTING 
CONSULTING 
Foreign—Domestic 


GULF BLDG. “ROBRAY” 
HOUSTON, Tex. CABLE 
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SERVING THE | 
PETROLEUM INDUSTRY ‘ 
* 


Rogers-Ray, Inc., Seismic Surveys, is an 
organization composed of a thoroughly 
trained ee with a background of 
eighteen years experience throughout the 


world. 


We bring you the advantage of latest 
type equipment, designed for speed and 
accuracy, to meet the requirements of 


modern geophysical exploration. 


ROGERS-RAY, Incorporated 
Sam Rogers, Director of 
SEISMIC SURVEYS 
CONTRACTING — CONSULTING 
Gulf Bidg. Houston, Texas 


< 
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Belteve it or not... 


A Surveying 
ANEROID 


Guaranteed Accurate 
within a Tolerance of 
3 ft. Plus or Minus 
Over Complete 


Range of 4500 ft. 


The new Paulin Type A-1 Altimeter 
sets a high standard in dependable 
accuracy in the rapid determination 
of changes in elevation. Speed and 
precision are combined in these 
Paulin observations, for a correc- 
tion curve is provided with each in- 
strument to allow for the slight 
error existing within the 3 ft. toler- 
ance range. 


The new Paulin Surveying Aneroid 

_ is made in several models, varying 
in range. All types are illustrated in 
the Paulin catalog, which will be 
sent together with a free copy of the 

- Paulin Altimetry Manual to all geol- 
ogists who mail the coupon below. 


THE AMERICAN PAULIN SYSTEM 
1847 South Flower St., Los Angeles 15, Calif. 


3 FT. ith af Destin Manvel 


OS 
AV, 
j 
| | 
j 
' 
| 
H 
H 
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UR SEISMIC EQUIPMENTS are used by 


oil companies and service organiza- 


tions in many parts of the world. 


Even in wartime some of our allies work 
with these instruments not far behind 
the front lines—proof of the serviceable 
ruggedness of HEILAND equipments. 


Fleet o Recording Trucks is read O 
g irucks Its reagy to go Overseas 

| 
| 
1 CORPORATION - DENVER, COLO, U.S.A 
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o Operates From Flow of Mud!! 


@ Thoroughly Reconditions Mud! 


SHALE SEPARATOR 
“AND MACHINE 


F “THE GEOLOGIST'S BEST FRIEND" . . . that's the recognition given the 
SAMPLE MACHINE which is pedanh and standard equipment on all 
Thompson Shale Separators. This SAMPLE MACHINE is one of the most success- 
ful methods now employed to secure true samples of both cuttings and sand 
from all formations drilled. Its operation is very simple and the results extremely 
accurate. The samples are obtained from a portion of the returns from the flow 
line which are diverted through a bypass into the SAMPLE MACHINE where 
all cuttings are thoroughly washed and deposited into a sample box. A sample 
of mud is then diverted into another sample box where it settles. The samples 
thus obtained are ready for ACCURATE analysis, 


As ayia As Reading A Log! 


Manufactured by 


THOMPSON TOOL CO., INC. 


T ply Stores Everywhere 


‘ 
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PRICE LIST OF THE BULLETIN 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


The monthly Bulletin contains authoritative major articles on petroleum geology and allied subjects, 
and minor notes, discussions, and reviews. Annual subscription, $15.00 (outside United States, $15.40). 
Contents of Vols. I-XX (1917-1936) are indexed in detail in the Comprehensive Index of all ‘A.AGP. G. 
publications (1917-1936); these volumes and the Index may be consulted at Association headquarters 
and in many college and public libraries. Volumes and numbers remaining for sale are listed here. Educa- 
tional institutions are invited to write for special prices on part or complete sets insofar as available. 


BULLETINS AVAILABLE (1921-1935). See COMPREHENSIVE INDEX FOR CONTENTS 


1930 
1931 


1932 
1933 
1934 
1935 


ALSG, ANNUAL CONTENTS INDEXED IN EACH DECEMBER NUMSER 


Prices 
Non- 

Members Members 
NOS 226) .(5 Nos., total price to all, $2.00)........ Each .($1.00) $1.50 
VOL. VI, NOS. 3-6........... (4 Nos., total price to all, $2.00)........ Each .($1.00) 1.50 
VOL. VII, NOS. 1, 3-6....... (5 Nos., total price to all, $3.00)........ Each .($1.00) 1.50 
VOL. X, NOS. 4-10........... (7 Nos., total price to all, $3.00)........ Each .($1.00) 1.50 
Pull Veli; Cloth: OF PAPER COVERS 00) 6.00 


BULLETINS AVAILABLE (1937-1944) SINCE PUBLICATION OF COMPREHENSIVE INDEX 


1937 


1938 


ANNUAL CONTENTS INDEXED IN EACH DECEMBER NUMBER 


Following prices in parentheses apply to all members. Clothbound, whole-volume 
member prices apply only to members who paid dues for years quoted. 


NO. 9—140 pp. GEN. : Sedimentation in barred basins; barometric surveying; geothermal 
gradient. IA., MISS.: Burlington limestone. POLAND: Stratigraphic comparison of crude 
oils. 

NO. 10—136 pp. CALIF.: Santa Lucia Range and Salinas Valley; Pinnacles National 
Monument; Knoxville Mesozoic series. GEN.: Rocky Mtns.; sand analyses; X-ray crystal 
analysis. LA.: residues in rock salt. 

NO. 11—134 pp. ARK.: Pennsylvanian. GEN.: Evaluation of petroleum index of refrac- 
tion; colorimetric determination of oil open-space replacements. KAN. and OKLA.: 
Source beds. RUSSIA: Urals. TEX.: Laredo. 

NO. 12—129 pp. ARABIA: “Black Sea” conditions in Arabian Sea. KAN.: Permian. 
N. Y.: Oriskany. OKLA.: Permian. PA.: Oriskany. TEX.: Sand Hills, Crane Co. 


NO. 3—152 pp. ALA.: Cockfield and Gosport. GEN.: Bighorn-Yellowstone Valley. KY.: 
Meade, Hardin, and Breckinridge Cos. LA.: Tepetate. MISS.: Cockfield, Gosport. PA.: 
Oriskany. 

NO. 4—124 pp. GEN.: Appalachian field history; bibliography of structure maps and sec- 
tions of oil states; folds in three dimensions. MICH.: Oil and gas. 

NO. 5—116 pp. GEN.: Future of geologist; Oriskany sandstone petrology; geological 
limitations to oil law. N. MEX.: New section of Trinity age. 


1.50 
17.00 


| 1921 
1923 
1924 
1925 
1926 
1927 
(, 
1928 
| 1929 4 


NO. 7—164 pp. FLA.: Possibilities, GA.: Coastal Plain. GEN.: Atlantic Coastal Plain; ‘ 
accumulation; differential settling. MISS.: Scanlan, Midway, salt dome, Lamar Co. MO.: 

Cherokee formation. N. J.: Possibilities. OKLA.: Ouachita Mtns. TEX.: Permian basin. 

NO. 9—172 pp. ARABIA: Red Sea. CANADA: McMurray. GEN.: Oil reservoirs; geology 

100 years ago; wildcats; secondary tilt; porosity; permeability; index determination. 

LA.: Shreveport. TEX.: Refugio, Segno, Cleveland pools. VENEZUELA: Central part. 

W. VA.: Gas in Appalachians. 

NO. 10—168 pp. GEN.: Spacing. KY.: Irvine: ‘‘Corniferous” oil. LA.: Darrow dome. 

TEX.: Barrila-Davis Mts. UTAH: Great Salt Lake. 

NO. 11—156 pp. GEN.: East-central U. S. KAN.: “Mississippi lime.” LA.: Carterville- 

Sarepta, Shongaloo; Sugar Creek; Cotton Valley. OKLA.: Jesse, Olympic pools. TEX.: M 
Navarro Crossing; Cedar Point; Friendswood. ‘ 


1939 VOL. XXIII.—1,922 pp. 12 Nos. Paper. ($1.00) 1.50 
WHOLE VOLUME: Bound in two parts, Cloth ($4.00) 17.00 
NO. 1—120 pp. CALIF.: Reef Ridge shale; Santa Maria Valley field. NEB.: Agate anti- 
cline. UTAH: “Park City” beds, Uinta Mts. 
NO. 2—160 pp. LA.: Vicksburg fauna. OKLA.: Keokuk pool. TEX.: Harris Co.; heaving 
shale. UTAH: Washington Co. 
NO. 3—180 pp. LA.: Lisbon. OKLA.: Osage. TEX.: McFadden Beach. 
NO. 4—164 pp. CALIF.: Ridge Basin. LA.: Barataria Bay. MO.: Bainbridge formation. 
MONT.: Baker-Glendive anticline. OKLA.: Verden shoestring. TEX.: Orange field; salt 
erosion, Gulf. U.S.S.R.: Salt domes. WYO.: Wind River Canyon. 
NO. 5—140 pp. GENERAL: Two tilts. KAN.: Greenwich pool. OKLA.: Dora 
pool. PERU: Agua Caliente anticline. TEX.: Travis Peak formation; Fairbanks and 
Satsuma fields.) TURKEY: Southern. 
NO. 6—218 pp. REVIEW (‘F DEVELOPMENTS. ; 
NO. 7—180 pp. GEN.: Rock units. KAN.: Hugoton gas. OKLA.: Arbuckle asphalt. 
TEX.: Panhandle gas; Carlos structure and Ferguson Crossing, Grimes and Brazos Cos. 
NO. 8—124 pp. ARK.: Basilosaurus. CALIF.: Potrero Hills gas. GEN.: Rocky Mtns.; 
black shale. KAN.: Loess. LA.: Stream patterns. S. DAK.: Pennington Co. TEX.: Ben 
Bolt and Magnolia City fields, Jim Wells Co.; Muralla field, Duval Co. TRINIDAD. 
NO. 9—148 pp. GEN. : Isostatic layer; electrical logging; Gulf datum planes. ILL., IND., 
KY.: Coals; Salem field, Marion Co. MISS.: Jackson Eocene, TEX.: Proration. 
NO. 10—164 pp. ALA.: Citronelle. CALIF.: Wasco field, Kern Co. GEN.: Oligocene- 
Miocene. ILL.: Basin fields; Pennsylvanian; Cambrian inlier. N. MEX.: Salado forma- 
tion. TEX.: Goldsmith field, Ector Co.; Salado. WYO.: Wind River Canyon. 
NO. 11—148 pp. FLA.: Everglades deep test. GEN.: Permian; marine and non-marine 
sediments. NEB.: Permian. N. MEX.: Castile salt, potash, anhydrite. TEX.: Gulf Coast; 
Amelia field, Jefferson Co.; Permian. 
NO. 12—172 pp. GEN.: Drilling time; Cincinnati arch. KAN.: Permian. KY.: St. Peter; 
McClosky productive areas. LA.: Starks field, Calcasieu Parish. 


VOL. pp. 12 Nos. Paper. Each... ($1.00) 1.50 
NO. 1—208 pp. WEST TEXAS-NEW MEXICO SYMPOSIUM: Pre-Permian. 
NO. 2—200 pp. GEN.: Permian and Carboniferous; economics; sedimentation; geophysi- 
cal interpretation; Frio formation, Gulf Coast. ILL.: Chester and Iowa series. SUMA- 
TRA: Oeloe Aer fault zone. 
NO. 3—208 pp. GEN.: Gulf Coast Miocene; barium in Appalachian brines. LA.: Mio- 
cene; interior salt domes. OHIO: Secondary recovery. OKLA.: Morrow group, Adair Co. 
TEX.: Apco structure, Pecos Co.: Sejita structure, Duval Co. 
NO. 4—148 pp. ARK.: Dorcheat pool, Columbia Co. AUSTRALIA: Permian. CALIF.: 
Whittier Quadrangle; Kettleman Hills; Paloma field, Kern Co. COLO.: Permian. LA.: 
Sparta-Wilcox. MINN.: Pre-Cambrian, Cambrian. OHIO: Paleozoic, pre-Cambrian, 
Delaware Co. OKLA.: Osage, Washington, Nowata Cos.; deepest well, Washita Co. 
TEX.: Lissie and Beaumont, Gulf Coast; Sparta-Wilcox; shoreline, Brazoria Co. 
NO. 5—188 pp. GEN.: Mississippian, Eastern Interior; geochemical exploration. 
NO. 6—204 pp. RECENT DEVELOPMENTS. 
NO. 7—196 pp. CALIF.: Rio Bravo field, Strand field, Kern Co. TEX.: Cretaceous am- 
monoids. WYO.: Oil-field waters. 
NO. 8—176 pp. GEN.: Exploration methods; young graduates and field experience; 
source of hydrogen; underground gas storage. IA.: Wildcat well, Union Co. TEX.: Hen- 
derson pool. Clay Co.; K.M.A. field, Wichita Co. 
NO. 9—176 pp. CANADA: Turner Valley Paleozoic limestone. CALIF.: Bakersfield Eo- 
cene coal. COLOMBIA: Jurassic-Cretaceous. GEN.: Radioactivity of rocks; GULF: 
Cook Mtns. N. MEX.: Caballos novaculite. TENN.: Lower Ordovician (St. Peter). 
VENEZUELA: Jurassic-Cretaceous. W. INDIES: Paleogene of Barbados. 


i 
i 


1941 


NO. 10—160 pp. CALIF.: History; Eocene Yokut sandstone. GEN.: Paleontolgy. KAN.: 
Hugoton field porosity, permeability. TEX.: Saxet field, Nueces Co.; Rogers pool and 
Bonita discovery, Montague Co.; Aspermont pool, Stonewall Co. 

NO. 11—204 pp. CALIF.: San Joaquin Valley Eocene. GEN.: Carbohydrates of oil and 
coal; unconformities and accumulation. LA.: Wilcox Eocene; Neale field, Beauregard 
Parish. MICH.: Buckeye field, Gladwin Co. MISS.: Surface. OKLA.: Ramsey pool, 
Payne Co.; Billings field, Noble Co. TEX.: Wilcox Eocene; Pittsburg field, Camp Co. 
W. VA.: Devonian. 

NO. 12—164 pp. CALIF.: Miocene fishes, Torrance field. GEN.: Water cones; Permian 
crude. LA.: Gulf heavy minerals. MICH.: Isopach, Ellsworth-Traverse limestones. 
OKLA.: Structural interpretation, gravity anomalies. TEX.: Gulf heavy minerals; Hoff- 
man field, Duval Co.; Jones Co. TRINIDAD: Los Bajos fault. 


NO. 1—192 pp. GEN.: Reserves. IA., MO.: Des Moines, Missouri series. N. MEX.: San 
Andres group; sodium sulphate. OKLA.: Tectonics. PA.: Devonian; Mississippian in- 
liers. TEX.: San Andres; Edna gas field, Jackson Co. WYO.: River Mtns. 

NO. 3—209 pp. APPAL.: Structure. AUSTRALIA: Paleozoic. GEN.: International oil. 
MISS.: Newman salt dome, Warren Co.; Tatum salt dome, Lamar Co. TEX.: Shipley 
field, Ward Co.; Coleman pool, Archer Co. WYO.: Permian. 

NO. 4—220 pp. GEN.: Gun-perforator samples. GULF: Crude oils; Midway fauna; cor- 
relation; salt-dome cap rocks. KY.: Devonian. LA.: Midway localities; Olla field, La Salle 
Parish. MICH.: Mississippian; Antrim-Ellsworth-Coldwater shale. OKLA.: Simpson 
group, Arbuckle and Wichita Mtns. TEX.: North Cowden field, Ector Co.; Page field, 
Schleicher Co.; Navarro group fauna. 

NO. 5—216 pp. APPAL.: Geosyncline. GEN.: Lake sediments; acidizing oil reservoirs; 
sedimentology. ILL.: Chester of Illinois basin. TEX.: Hawkins field, Wood Co. WYO.: 
Freezeout Mtn.-Bald Mtn. area, Carbon Co. 

NO. 6—204 pp. RECENT DEVELOPMENTS 


NO. 7—232 pp. CALIF.: Temblor Range faulting; San Joaquin Valley seismic velocities. 


‘GEN.: Geologists in national defense; micropaleontology; future of geophysics; petroleum 


and war; fifth dimension in oil industry; natural gas and defense; Securities and Exchange 
Commission; recovery estimation. LA.: Eola field, Avoyelles Parish. MO.: porosity of 
gas fields, Jackson Co. RUSSIA: Artinskian series. 


NO. 9—220 pp. COLOMBIA: Pre-Cretaceous. COLO.: La Plata sandstone. GEN.: Mid- 
Continent stratigraphy; radioactivity logging; photogeology. KAN., OKLA.: Crude oils 
and stratigraphy; Oklahoma City source beds. N. MEX., TEX.: Tansill formation. 
WYO.: La Barge region, Lincoln Co.; evaporites, Green River Basin. 

NO. 10—128 pp. GEN.: Sandstone cementing and oil migration; rock color. KAN.: Che- 
topa pool oil migration, Labette Co. TEX.: High-pressure gas, Wasson field, Yoakum Co.; 
South Cotton Lake field, Chambers Co. TURKEY: Temperature in wells. 

NO. 11—140 pp. CHINA: Non-marine petroleum; Cretaceous. GEN.: Microfilm copy. 
GULF: Sedimentation, accumulation. KY.: Post-Appalachian faulting. TEX.: East 
White Point field Oligocene, San Patricio and Nueces Cos., Clodine field, Fort Bend Co. 
WYO.: Heart Mtn.-South Fork thrusts, Park Co. 


NO. 12—167 pp. GEN.: Shadowgraphic maps; free-oil deposition; traceslip faults; stratig- 
raphy; radioactivity logging. N. MEX.: Sacramento Mtns. Mississipian. 


1942 VOL. XXVI-—1893 pp. 12 Nos. Paper: Each. ($1.00) 
WHOLE VOLUME: Bound:in two parte: Cloth: ne ($4.00) 


NO. 1—152 pp. APPAL.: Geochemistry, gas. GEN.: Silurian, Mississippi Basin; uncon- 
formities; spacing. KAN.: McLouth field, Jefferson and Leavenworth Cos. N. MEX.: Sa- 
lado formation, potash; Seven Rivers formation, Eddy Co. S. DAK..: Viola graptolites, 
Black Hills. VENEZUELA: Ortiz and Guarumen sandstones. 

NO. 2—152 pp. CALIF.: Stratigraphy; Cretaceous; Del Valle field, Los Angeles Co. 
GEN. : Free oil accumulation. TEX.: Sewell-Eddleman area, Young Co.; Permian paleo- 
geography; Eocene, Zapata Co.; Washburn field, La Salle Co.; McKee and Waddell sands, 
Simpson Ordovician, West Texas. UTAH: Laccolithic mountains, traps. 

NO. 3—228 pp. CALIF.: Earthquake, Dominquez field, Los Angeles Co. GEN.: Member 
list; auditor’s report. KAN.: Patterson pool, Kearny Co. MONT.: Madison Mississippian. 
N. DAK.: Stratigraphy. RUSSIA: Artinskian Permian. TEX.: Pre-Cretaceous, Edwards 
Plateau; Barnhart field, Reagan Co. 


NO. 4—232 pp. N. MEX., TEX.: Permian. 


NO. 5—204 pp. CALIF.: Sutter Buttes. COLOMBIA: Honda district. GEN.: Pseudo- 
abyssal sediments; salty ground waters, Atlantic and Gulf coasts; oil-field waters; annual 
reports. MONT.: Cedar Creek anticline. TEX.: Silurian graptolite, Crane Co. 


NO. 6—216 pp. RECENT DEVELOPMENTS 


1.50 
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NO. 7—132 pp. ARK.: Developments; peace A field, ae Co. GEN.: Annual ad- 
dresses; geological perspective; how geophysicists serve; cae good neighbors; ex- 


ploration; geology, war, peace; teaching; drilling-time appraisals, oil reservoirs. 
GULF: Tertiary microfossils. LA.: Developments. 

NO. 8—124 pp. COLO.: Gore area. GEN.: Dixcovery methods. MONT. : Oil-field water. 
N. DAK..: Stratigraphy. TEX.: Ellenburger; Pennsylvanian anhydrite. 

NO. 9—136 pp. ARK.: Schuler field, Union County. NEB.: Cretaceous. TEX.: Well 
spacing, Columbia field, Brazoria Co. 

NO. 10—140 pp. CALIF.: Crocker Flat, Temblor Range. COSTA RICA: Amoura shale. 
GEN.: Lantern-slide copy. ILL.-IA.: Pennsylvanian. ILL.-IND.: Chester sandstone; 
New Harmony field. LA.: fF cme Paleezoic. N., S. DAK.: Regional. TEX.: Payton 
pool, Pecos and Ward Cos. 

NO. 11—98 pp. GEN. : Stratigraphical analysis and environmental reconstruction. TEX.: 
Graptolites, Crane Co. 

NO. 12—98 pp. GEN.: Engineering geology; calculating thickness; annual index. 


1943 VOL. XXVII—1674 pp. 12 Nos. Paper. Each... ($1.00) 
WHOLE VOLUME: Bound in two parte: Clot. ($4.00) 


1944 


NO. 1—108 pp. ALBERTA: Moose Mtn. CALIF.: Eocene, Santa Barbara Co. GEN.: 
Salt-dome mechanics; testing oil-sand cores; geophysics in zinc and lead district. GULF: 
Erosion of salt. KAN.: Directional drilling, Ellis Co. TEX.: Bowers field, Montague Co. 
NO. 2—140 pp. CALIF.-ORE.: Franciscan-Knoxville. GEN.: Measurement of strata. 
N. MEX.: Onondagan. 

NO. 3—168 pp. CALIF.: Cretaceous. GEN.: Membership; auditor’s report. 

NO. 4—154 pp. MEX.: Upper Jurassic. ROCKY MTNS.: Structure. TEX.: Wasson 
field, Yoakum and Gaines Cos.; Embar field, Andrews Co. VA.: Natural coal gas. 

NO. 5—134 pp. CALIF.: Tertiary. GEN.: Annual reports. GULF: Tuscaloosa formation. 
KAN.-OKLA.: Desmoinesian, Missourian. MICH.: Thunder Bay Traverse rocks. S. 
DAK.: Rapid City water wells. TEX.: Seguin formation; Dockum conglomerates. 

NO. 6—172 pp. RECENT DEVELOPMENTS. 

NO. 7—152 pp. GEN.: Annual addresses; discovery thinking; geology, paleontology, 
geophysics, reserves, discoveries, economics, war; developments, Seatnamen U. S.; cable- 
tool logs. 

NO. 8—136 pp. LA.: Anse La Butte, St. Martin Parish; Jennings field, Acadia Parish. 
TENN.: Structure. TEX.: Lower Cretaceous foraminifera and ostracoda; ground water 


at Houston. 

NO. 9—112 pp. GEN.: Marine micro-organisms and petroleum; faults. TEX.: Pre-Trinity. 
W. VA.: Metamorphism of coal. 

NO. 10—120 pp. CALIF.: Santa Maria district; Eocene, Chico Martinez area. GREAT 
PLAINS: Big Snowy group. OKLA.: Simpson graptolites. ROCKY MTNS.: Crude oils. 
NO. 11—160 pp. GEN.: Aerial photographs. GULF: Jurassic. VA.: Deep well, Russell 
Co. W. VA.: Deep well, Harrison Co. 

NO. ef pp. CALIF.: Radiolarites, Santa Maria basin. GEN.: Chemical analysis of 
crudes. N. DAK.: Tertiary; Williston basin. OKLA.: Spavinaw granite. VENEZUELA: 


Fossils in metamorphics. 


NO. 1—124 pp. GEN.: Determining oil in cuttings. ILL.: Bethel sandstone petrology. 
MISS.: Geology. TEX.: Algal reefs, Terlingua district. VENEZUELA: Anzoategui. 


NO. 2—120 pp. ARK.: Schuler field, Union Co., unitized pressure. GEN.: Well spacing. 
MICH.: Porter. field, Midland Co. TEX.: West Ranch field, Jackson Co. 


NO. 3—128 pp. GEN.: Membership; audit. MEX.: Northern geology. 


NO. 4—124 pp. CALIF.: Cretaceous and Paleocene, Santa Lucia Range. KY.: “Corni- 
ferous,”’ Estill Co. TEX: Pecan Gap, Wolfe City, and Annona formatians. 


NO. 5—120 pp. GEN.: Annual reports. GULF: Cotton Valley beds. 
NO. 6—172 pp. RECENT DEVELOPMENTS. 
NO. 7—132 pp. GEN.: Annual addresses: geology, paleontology, geophysics. 


Prices postpaid. Write for discount to colleges and public libraries. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma, U.S.A. 
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REED ‘BR’ 
Wire Line 


SUB-SURFACE DATA in your 
WILDCATTING OPERATIONS 


. «. With either the REED “BR” Wire Line Drilling- 
Coring outfit or with the REED “Kor-King’ Con- 
ventional type Core Drill. 


For further information on these Core Drills 
SEND FOR BULLETINS C-415 AND K-1141 


®. BOX 2119. HOUSTON, TEXAS 


Bulletin of The American Association of Petroleum Geologists, December, 1943 = 
REED CORE DRILLS| 
CONVENTIONAL 
YTS XS 
ROTARY 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1943 


Hughes Tool Company designed and built the Hughes Air- 
craft Strut Division ... acted in a consulting capacity in 
the design and construction of the Dickson Gun Plant... 
furnished the entire executive and operating personnel for 
both plants . . . which are now in operation... 


Founded upon the rotary method of _ propeller ferrules; armor plate, brake 


drilling, Hughes Tool Company hasfor drums, and transmission parts for 


34 years fought the peacetime battle tanks; castings for synthetic rubber 
for production of better drilling tools. plants; struts, pump parts, rudder 

The experience and skill acquired arms, rudder bearings, stuffing tubes, 
over these years is now employedinthe —_and other parts for ships—these in ad- 
manufacture of such war products as _ dition to essential tools for the Oil Well 


gun barrels; airplane landing gearand __ Drilling Industry. 


_ HUGHES TOOL COMPANY 


HOUSTON TEXAS 


nior Organization in Men and Management for 
UT DIVISION—DICKSON GUN PLANT—HUGHES AIRCRAFT COMPANY 


peace-time 
g 
background 
| | 
| 
| 
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